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Abstract 
This thesis contains two parts, namely Part I entitled HeterobimetalIic Complexes 
of PPh2 , frfl"5-(CO)3Fe(Ph2Ppy)2 and rmws-(CO)3Fe(Ph2Ppym)2 and Part II on 
Metal Complexes ofTer t ia ry Phosphine Betaines. 
In par t I, investigations on the coordination behavior of the diphenylphosphide 
(PPh2') bridging ligand, the neutral organometallic polydentate ligands trans-
(CO)3Fe(Ph2Ppy)2 and /ra^-(CO)3Fe(Ph2Ppym)2, as well as their reactivity toward 
some transition metal and rare-earth perchlorates, are reported and discussed. 
Twenty-one complexes, among which fifteen contain metal-metal bonds, have been 
synthesized and characterized by single-crystal X-ray analysis. The results 
demonstrated that the neutral organometallic polydentate ligands trans-
(CO)3Fe(Ph2Ppy)2 and /7^am-(CO)3Fe(Ph2Ppym)2 are convenient precursors for the 
preparation ofheterobimetallic complexes containing a dative metal-metal bond. 
Direct reaction of /ra"5*-(CO)3Fe(Ph2PH)2 with Mo(CO)6 led to the formation of a 
phosphido-bridged heterobimetallic transition metal complex, (CO)3Fe(^i-
PPh2)2Mo(CO)4. The metal-metal single bond in this complex was structurally and 
spectroscopically established. The reaction of /ram-(CO)3Fe(Ph2Ppy)2 with several 
transition metal perchlorates, e.g. Cu(MeCN)4ClO4, Cu(ClO4)2.6H2O, AgClO4 and 
Hg2(C104)2*xH20, led to formation of the heterobimetallic complexes containing an 
Fe(0)^Cu(I), Fe(0)—Ag(I)，or Fe(0)^Hg(II) bond. However, reaction of trans-
(CO)3Fe(Ph2Ppy)2 with Fe(C104)3'xH20 did not afford the corresponding bimetallic 
complex, and instead a mononuclear organometallic Fe(II) complex bearing a pair of 
strained four-membered ring was obtained. Reaction of /ram-(CO)3Fe(Ph2Ppym)2 
with HgX2 (X = C1, Br, I, SCN) and CdX2 (X = C1, Br, I，SCN, ClO4) yielded the 
corresponding heterobimetallic complexes containing a dative Fe—M (M = Hg, Cd) 
bond. 
Structural investigations of the bimetallic complexes formed from trans-
(CO)3Fe(Ph2Ppy)2 and /ram-(CO)3Fe(Ph2Ppym)2 have revealed that these can act in 
the mono-, bi-, or tridentate coordination mode by analogy to terpyridine. A semi-
bridging or weak interaction between one of the carbonyl groups and the acceptor 
i 
metal atom exists in some of these complexes, which may account for the synergistic 
interaction when they are used as catalysts in some catalytic reactions. 
Pa r t n describes an investigation on the structural chemistry of some phosphine 
betaines. Three tertiary phosphine betaine derivatives, namely Ph3P^(CH2)2CO2", 
Ph3P+(CH2)3CO2- and _02C(CH2)2Pli2P+(CH2)2PfeP+(CH2)2CCV, and twenty-four 
metal-betaine complexes involving six kinds of metal ions, especially Cd(II), have been 
synthesized and fully characterized by single-crystal X-ray analysis. The results show 
that the bulky Ph3P moiety in triphenylphosphine betaine derivatives has a great 
influence on the coordination behaviour of the carboxylato group. 
In a study of fourteen mono-, bi-, tri-, tetra- or polynuclear cadmium(II) 
complexes with the triphenylphosphine betaine ligands Ph3PXCH2)2CO2' and 
Ph3PXCH2)3CO2', the coordination number and geometry about the cadmium(II) atom 
as well as the coordination modes of the betaine ligands were found to exhibit many 
variations. The coordination number of the cadmium(II) atom ranges from four to 
seven with coordination polyhedra of tetrahedral，distorted trigonal bipyramidal, 
octahedral, and distorted octahedral geometries. The betaine ligands can act in the 
unidentate, syn-syn bridging, syn-anti bridging, symmetric bidentate chelate, 
asymmetric bidentate chelate, bidentate “5>77-skew” bridging, combined monodentate 
bridging and bidentate chelate modes, and a very unusual 1^3 bridging mode which 
provides the first example in cadmium(II) carboxylates with this coordination mode. 
The skew-skew coordination mode of the carboxylato group is present in several 
dinuclear zinc(II) complexes in which the two Zn(II) atoms are bridged solely by a pair 
ofPh3P+(CH2)2CO2- ligands. This skew-skew mode can accommodate a Z n(n ) � Z n(n) 
distance up to 4.045(2) A without destroying the dimetal framework. 
ii 
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Part I. Heterobimetallic Complexes of PPhi", trans-
(CO)3Fe(Ph2Ppy)2 and /ra/15-(CO)3Fe(Ph2Ppym)2 
Chapter 1. Introduction 
During the first half of this century, the principles associated with Werner 
(1866-1919)-type coordination complexes, namely those containing a central metal 
cation surrounded by a group of neutral donor molecules or anions (e.g. H2O, NH3, 
Cr, and CN"), were delineated] Since that time there has been enormous development 
and refinement of his central concept. One notable progress is the study of metal 
carbonyls and other compounds where the metal center is formally not an ‘ion，. 
1.1. General Survey of the Metal-Metal Bond 
In the past several decades, compounds containing metal-metal bonds have 
experienced an exciting development and opened new avenues of investigation. The 
recognition and rapid development of this kind of compounds began in the period 
1963-1965, constituting a revolutionary step in the progress of chemistry which can be 
traced to the advent of X-ray crystallography and its evolution into a tool capable of 
handling reasonably large structures. As early as in 1946,2 Brosset reported that the 
lower chlorides of molybdenum contain octahedral groups of metal atoms with 
Mo-Mo distances � 2 . 6 A, which is even shorter than those in metallic molybdenum 
(2.725 A). First reported in 1907/'^ the compound 'TaCl-2H20' was determined by X-
ray diffraction and correctly formulated as Ta<5Cli4.7H20 in which rather short M-M 
distances -2 .8 A were revealed.^ The recognition of the multiple bond in [Re2Cl8p- by 
Cotton in 1964 was a landmark in the development of transition metal chemistry.? The 
determination of the structure of the [Re2Cl8] '^ ion established both the presence of an 
unsupported metal-metal bond and a multiple (quadruple) bond between the metal 
centers. On the other hand, in 1938 the first concrete evidence for the existence of a 
dinuclear metal carbonyl compound, Fe2(CO)9, was obtained by X-ray crystallography, 
and the structure was redetermined in 1987.® In this compound, there are three 
bridging CO groups holding the metal atoms in close proximity, and electron spin 
pairing could be effected in ways other than direct Fe-Fe bond formation. However, 
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the determination of the crystal structure of Mn2(CO)10 by X-ray diffraction in 1963^ 
provided the first example of a metal-metal single bond unsupported by bridging ligand 
in metal carbonyIs. 
CO CO , c o I , C 0 
OC——Mri Mn——CO 
o c ^ | 0 C ^ 
CO CO 
Mn2(co)10 
The Hartree-Fock-Slater (HFS-Xa) calculation of this compound'® has shown that the 
only direct cross-interaction is in the HOMO, which has about 60% metallic character, 
essentially 34^ (27%) and 4pz (24%), corresponding to a a bond with the second 
metal. The 4pz contribution enhances the density in the bond. However, there is also a 
35% contribution of the n* orbitals of the equatorial carbonyls which slightly overlap 
with the orbitals ofboth metals and tend to draw the density away from the bond." 
However, multiple metal-metal bonds in metal carbonyl systems are quite rare, and 
examples of these are the triply bonded species [Mo(CO)2CpW(CO)2Cp]'^ '^  and 
[Cr(CO)3(_6, T^4_azulene)Mo(CO)3(r|-C6H6)]"i5 
At the present time, virtually all the transition elements are known to form homo-
or hetero-binuclear compounds with metal-metal bonds that may be of intergral (1，2， 
3，or 4) or fractional (½, 1½, 2½, or 3½) order.i6'" In many cases there are non-
metallic groups which serve as bridges between metal atoms, such as H, C1, CO, 
carboxylato or carboxylato-like anions, phosphino ligands, etc., but not always. There 
are also large classes of cluster compounds, ranging from polynuclear metal carbonyls 
and other organometallics to polynuclear metal halides, oxides, and clalcogenides, that 
contain delocalized metal-metal bonds. The interest in these compounds concentrates 
on elucidation of their structures, bonding, spectroscopic properties, reactivity 
patterns, application in catalysis, and organic synthesis. This area has been the subject 
of intensive research, and for binuclear organometallic compounds containing metal-
metal bonds approximately five hundred papers are published annually. 
2 
1.2. Organometallic Donor-Acceptor metal-metal bond 
It has long been recognized that in electron-rich complexes the metal may have 
substantial nonbonding electron density located on it and consequently may act as a 
Lewis-base. The basicity of the metal in transition metal complexes attracts the 
interest of researchers^ ®"^® because these basicities are indicators of other types of 
reactivity that depend upon electron-richness at the metal center.^ '^^ ® On the other 
hand, one consequence of the basicity of the metal in organometallic complexes is that 
the transition metal can donate electrons to another metal acting as a Lewis acid to 
form compounds containing a donor-acceptor metal-metal bond. 
1.2.1. Adducts of Neutral Organometallic Compounds with Main Group Metal 
Halides 
The publication “Ober die Einwirkung von Quecksilbersalzen auf Eisenpenta-
cabonyl’, by Hock and Stuhlmann in 1928 must be regarded as the birth of transition 
metal-main group metal complex chemistry.^' In this and a series of subsequent 
papers32 they reported the results of reactivity studies of [Fe(CO)5] towards mercury 
salts, and the characterization of the products obtained from these reactions. They 
provided the archetype examples for much of the chemistry reported in this area in 
later years. Reaction of mercury(II) chloride with iron pentacarbonyl in aqueous or 
ethanolic solutions give the compound Fe(CO)4Hg2Cl2, which was also later prepared 
from polymeric [Fe(CO)4Hg]n and mercury chloride. The structure of this compound 
was characterized by its IR spectrum as c/*y-Fe(CO)4(HgCl)2^ and confirmed one 
year latter by a single-crystal X-ray study of an analogous complex [Fe(CO)4-
^IgBr)2].35 Since then many neutral organometallic adducts with main group metal 
halides, especially HgX2, have been prepared and characterized by a variety of 
physical methods.^^ 
The great majority of this kind of adducts have been formed from complexes of 
transition metals LnM (M = Cr, Mo, Fe, Ru, Os, Co, Rh and Ir) with M being in a low 
oxidation state, typically +1 or zero, such as the mercury(II) halide adducts 
Cr(CO)3(Mes)-HgCl2/' Mo(CO)3(Mes)-2HgCl2,^'''^ W(bipy)(CO)4-2HgBr2,'' 
Fe(CO)5.HgCl23i’32’4Q (prepared by the reaction ofequimolar Fe(CO)5 and HgCb in dry 
acetone solvent at 0�C)， Fe(CO)3(PPh3)2.HgCl2,37 Ru(CO)3(PPb)2.2HgCl: 
Os(CO)3(PPh3)2.2HgCl2,4i Co(CO)2Cp.HgCl2/243 RhCp(cod).HgCl2,42 
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Ir(CO)Cp(PPh3)-HgCl2'' and a recently reported example Fe(CO)2(PMe3)2-
[CS2C2(C02Me)2].HgCl2.45 Compared with mercury(II) halide adducts, the zinc(II) 
and cadmium(II) halide adducts are relatively rare, and examples are found in 
[MoH2Cp2.ZnBr2.DMF],46 [CoCp(PMe3)2'ZnCl2]'' and [Mo(CO)3(r|-C5H4PPh3) 
• C d y，A l s o neutral organometallic compounds can form adducts with other main 
group metals such as A1 in the complex CpRh(PMe3)2(Al2Me2Cl2)/^ 
Ofthis kind of compounds, the first definitive structural information came from the 
single-crystal X-ray structure analysis of CpCo(CO)2.HgCl2/3 in which the Co-Hg 
bond distance of 2.578(4) A established the existence of a Co-Hg metal-metal bond. 
The idealized coordination geometry about mercury is approximately trigonal planar. 
The large distortion of the ordinarily linear HgCl2 molecule and the lengthening of the 
Hg-Cl bond suggests that Co(CO)2Cp behaves as a Lewis base. Spectroscopically, the 
transfer of electron density from cobalt to mercury is manifested in two ways: the 
average carbonyl stretching frequency, v(C-0), increases by 43 cm"\ which is 
indicative of a decrease in electron density at cobalt;^ '^^ ® the average mercury-chlorine 
stretching frequency v(Hg-Cl), decrease by 98 cm'\ being consistent with the observed 
increase of the Hg-Cl bond length, viz, from 2.26 A in HgCl2 to 2.479(9) and 
2.451(10) A in this compound. These factors unequivocally demonstrate the dative 
nature of the Co—Hg bond and the cobalt atom acting as a Lewis base. 
A common feature of this kind of compounds is that they undergo neutral 
dissociation in a polar solvent such as nitrobenzene. For example, Fe(CO)3L2.HgCb in 
nitrobenzene exists the following equilibrium:^^ 
Fe(CO)3L2HgCl2 ， - Fe(CO)3L2 + HgCl2 
which indicates that the dative metal-metal bonding in these compounds is weak. 
Another interesting features presented in these studies is that with some K ligand L 
such as cycloheptatriene, norboradiene and tetraphenylcyclopentadienone, the 
compound Fe(CO)3L2 does not react with mercury chloride." This leads to the 
conclusion that in forming this kind of compounds (1) some of the ligands on M are 
good a-donors but relatively poor 7c-accept0rs; (2) the ligands do not have bulky 
substituents to hinder the increase in coordination number of either M or ofHg. 
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1.2.2. Non-Supporting Donor-Acceptor Between Transition MetaIs 
In 1983 Pomeroy and co-workers reported the preparation and crystal structure 
of (OC)5OsOs(CO)3(GeCl3)(Cl), which provided the first unambiguous example of 
complexes supported by dative M~>M' bonds from a saturated 18-electron metal 
center? In this compound the Os-Os bond length of 2.931(1) A was established by 
X-ray single-crystal structure analysis, both Os atoms are in octahedral coordination 
geometry, and the Os(CO)5 moiety acts as a donor ligand to the second osmium center 
via an unsupported donor-acceptor Os-Os bond. After this initial work, many homo or 
hetero-binuclear complexes with an unsupported donor-acceptor metal-metal bond 
have been prepared adopting some 18-electron organometallic complex as ligands. 
The full characterization by X-ray diffraction of many compounds of this type rules out 
possible electron donation from bridging ligands in such complexes and makes the 
argument against such an unassailable dative bond.^ '^^ ^ Recently, trimetallic chain 
species such as [W(C0)50s(C0)3(Bu^NC)0s(C0)4(BuT^C)]'' and [W(CO)5Os(CO)4-
Os(COh{P(OCH2)3CMe)2]58 were synthesized and structurally characterized by 
single-crystal X-ray analysis. These complexes contain Os~>Os and Os—W dative 
bonds in tandem. 
L L C O 
C O C O C O / / / 
• • • • • 
O C O s • O s • W C O 
/ / / O C O C O C C O C O C O 
Photochemical study^^ of [(Me3P)(OC)4OsW(CO)5], a molecule with a putative 
metal-metal dative bond/^ indicates that irradiation of this compound leads to 
heterolytic rather than homolytic cleavage of the metal-metal bond. The results 
illustrate an inherent difference between dative and nondative metal-metal bonds 
because photochemical heterolysis does not occur with nondative metal-metal bonds. 
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On the other hand, the dative metal-metal bond also commonly occurs in 
diorganophosphido-bridged bimetallic compounds, usually with the later-transition 
metal acting as an electron donor.^"^^ An interesting development was made in 1985, 
Rayan and co-workers reported the preparation and isolation of pSfi(CO)2(|> 
Ph2P)2ThCp*2].70 The molecular structure and ^'P NMR spectrum of this compound 
suggested the presence of a weak donor-acceptor bond between the nickel and thorium 
atoms, the first such interaction between an actinide and a transition metals. 
Theoretical studies have been carried out on this type of compounds in order to 
understand the nature of the metal-metal bonding in these systems. Baker and 
co-workers7i systematically investigated the Zr-M' metal-metal bonding in bis(PR2)' 
-bridged heterobimetallics by carrying out molecular orbital calculations of the 
extended Huckel type (EHMO) on a series of model complexes of the general formula 
Cp2Zr(^i-PH2)2M'Ln, where M'L„ is Pt(dmpe), Ni(^i-PH2)2ZrCp2, Pt(PH3), Rh(r|-
indenyl) and Mo(CO)4. The results indicate that the ability of [ C p 2 Z r ( P H 2 ) 2 ] fragment 
to function as a bis(phosphine) ligand is attributed to its two filled orbitals: the HOMO 
which is largely ligand based and an out-of phase combination of phosphorus sp{^p{7) 
hybrids that are set up for interaction with a 7ix acceptor orbital on M'Ln. The 
corresponding in-phase combination will be stabilized by interaction with an empty 
a-orbital on M'Ln. On the other hand, the five lowest lying virtual orbitals of the 
[Cp2Zr(PH2)2] fragment constituent the empty 4d block. The LUMO is set up to be a 
a-acceptor orbital, which will play an important role in bonding to the late metal 
fragments. It is 62% localized on Zr, with s, p{z), d{x^-y^) and d{z^) components. 
There are also empty Zr-based 7i-acceptor orbitals of 7Cx and 7Cy symmetries, which are 
of secondary importance compared with LUMO because they are higher in energy and 
do not as well-directed, so that orbital overlap with the later metal will be poor. In 
order to understand the nature and extent of the actinide-transition metal interaction, 
Hay and co-workers examined?:® the bonding in Cp*2Th(^i-PPh2)2Pt(PMe3) by carrying 
out ah initio calculations on the model compound Cl2Th()i-PH2)2Pt(PH3). Similarly 
Ortiz72b described the bonding in Cp*2Th(^i-PPh2)2Ni(CO)2 by EHMO analysis on 
Cp2Th(^i-PH2)2Ni(CO)2. It has been found that in Cl2Th(^i-PH2)2Pt(PH3) the M...M' 
interaction is of a symmetry, and was derived mostly from the HOMO which was 
composed of an in-phase combination of Pt 5 /^(x^-y^) and Th 6d{^-y^), with a larger 
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fraction of the electron density located on the platinum center. Overall, the Th-Pt 
bond can be regarded as a formal donor-acceptor or dative bond from the "filled" d ^ 
shell o f P t into the "empty" d shell ofTh. Whereas, Ortiz found the actinide-transition 
metal interaction in Cp2Th(^i-PH2)2Ni(CO)2 to be much weaker. Bonding interactions 
of a and 7iy symmetries are both present. These calculations indicate that the bonding 
between the [M'Ln] and [Cp2Th(PH2)2] or [Cp2Zr(PH2)2] fragments is via lone-pair 
donation from the bridging phosphido groups to the late transition metal, with a weak 
secondary interaction of a symmetry comprising back-donation from the late to empty 
low lying orbitals on thorium or zirconium. 
1.3. Coordination Chemistry of 2-(diphenylphosphino)pyridine 
In 1944,73 Davies and Mann first reported the preparation of a pyridylphosphine, 
PhP(C5H4N)(C6H4Br), as part of a study on the optical resolution of tertiary 
phosphines. The simplest of this kind of compounds, 2-(diphenylphosphino)pyridine 
(Ph2Ppy), was first synthesized from 2-pyridylmagnesium bromide with Ph2PCl in 
1948.74 ini966 Uhlig and Maaser initially reported the preparation of Ni(II), Co(II), 
Zn(II) and Cu(I) complexes of 2-pyr(CH2)2PPh2.^^ However, in the past decades, 
pyridylphosphines have attracted considerable interest following the investigation in 
the early 1970s of the Ph2Ppy system. This mono-pyridyl ligand was used extensively 
by Balch and co-workers to prepare metal complexes?"; ^nd is accruing considerable 





As its structure shows, Ph2Ppy is a hetero-difunctional compound bearing both 
phosphorus and nitrogen donor atoms. Theoretically, it can act as a monodentate 
ligand adapting either its phosphorus or nitrogen atom ligating to metal ions, or as a 
bidentate bridging ligand to connect two identical or different metal centers to form 
homo- or heterobimetallic complexes, or even as a bidentate chelate ligand to form a 
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highly strained and reactive species. It is noteworthy that Ph2Ppy is structurally 
analogous to the diphosphine compound bis(diphenylphosphino)methane (dppm), 
which is an excellent four-electron-donor bridging ligand and has been extensively used 
to prepare homo- or heterobimetallic complexes.® '^®® However, compared with dppm, 
Ph2Ppy is a rigid short bite ligand because of the presence of the pyridyl ring, and as a 
consequence it has small flexibility and usually leads to the formation of metal-metal 
bond when it brings two metal centers together. Furthermore, because Ph2Ppy bears 
both soft (phosphorus) and hard (nitrogen) donor atoms, this compound is more 
suitable to synthesize heterobimetallic complexes than dppm. 
1.3.1. Metal Complexes with unidentate Ph2Ppy 
Although it is expected that the hetero-difunctional phosphine Ph2Ppy may act as 
either phosphorus or nitrogen donor ligand when it forms metal complexes, until now 
no N-unidentate complexes have been reported which may be due to the fact that the 
nitrogen atom is a stronger a-donor and weaker 7c-accept0r than the phosphorus atom. 
Acting as a monodentate P-bonded ligand, Ph2Ppy is analogous to Ph3P, and 
monodentate P-bonded metal complexes are usually prepared by substitution of good 
leaving groups such as carbonyl, RNC, and olefins with Ph2Ppy in the corresponding 
metal complexes. For example, M(CO)x-1(Ph2Ppy),^^ (M= Fe, Cr, Mo), cis-
[PdCl2CBuNC)(Ph2Ppy)]'' and MX2(Ph2Ppy)2779192 (M = Pt, Pd; X = C1, I) were 
prepared from the reaction of corresponding metal complexes M(CO)x, PdCl2CBuNC)2 
and M(c0d)X2 with Ph2Ppy, respectively. A noteworthy synthetic procedure of this 
kind of complexes is the so-called "reagent-assisted displacement"^^ such as in the 
preparation of[M(CO)4(Ph2Ppy)2] and [M(CO)5(Ph2Ppy)r (M = Cr, Mo, W) from the 
reaction ofM(CO)6 with Ph2Ppy and Me3NO. In this reaction trimethylamine N-oxide 
readily attacks CO ligands and converts them into CO2 by transfer of its oxygen atom. 
Being a very poor ligand, the CO2 is eliminated. Also this kind of complexes can be 
prepared by the reaction of some halide-bridged binuclear complexes with Ph2Ppy. 
The halide bridges are broken by Ph2Ppy to afford Ph2Ppy monodentate P-bonded 
products.9i'95 
Crystal and molecular structure of several monodentate P-bonded complexes have 
been determined by single-crystal X-ray analysis. Examples include a linear complex 
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AuCl(Ph2Ppy)96 and a homobimetallic complex [Ag2(^-Ph2Ppy)(Ph2Ppy)2(^i-Cl)2]'' in 
which two metal centers are bridged by one Ph2Ppy ligand and a pair of chloride 
bridges, and the coordination sphere about each silver atom is complete by a 
monodentate P-bonded Ph2Ppy ligand. 
The importance of the monodentate P-bonded complexes is that: (i) bearing a 
pendant pyridyl group, this kind of complex can readily capture another metal ion to 
form a binuclear complex; (ii) the pendant nitrogen atom may further coordinate with 
the same metal center to form a strained four-membered chelate system which can 
easily undergoes ring open reaction when other metal ion presents, leading to the 
formation of homo- or heterobimetallic complexes. So the Ph2Ppy monodentate 
P-bonded complex is a convenient precursor for the synthesis of the bridged bimetallic 
complexes. 
1.3.2. Metal Complexes with Chelate Ph2Ppy 
Ph2Ppy can chelate metal ion using both of its phosphorus and nitrogen atoms to 
form a four-membered ring system. Because of the rigidity of the pyridyl group, this 
chelate ring is highly strained and reactive which is responsible for the quite rare 
occurrence of complexes with Ph2Ppy acting in a chelate fashion. This kind of 
complexes are commonly prepared from the reaction of Ph2Ppy monodentate P-
bonded complexes containing halide ligands with halide abstractors such as Ag(ClO4) 
and Ag(PF6). For example, the reaction 0fRh(c0d)(Ph2Ppy)Cl with AgX (X = ClO4, 
PFe) led to the formation of corresponding mono-chelated complexes [Rh(cod)(r|^-
Ph2Ppy)]X.90 In addition, this kind of complexes can also be obtained from the direct 
reaction of Ph2Ppy with some uranium and rhodium complexes. The complexes 
[U(BH4)3(Ti'-Ph2Ppy)2], [UCl3(Tf-Cp)(Ti2_ph2Ppy)2]97 and [(c0d)Rh(Tf-Ph2Ppy)]X (X = 
ClO4, Piy90 were formed from the addition of U(BH4)3(THF)x, (r|'-Cp)UCl3 and 
Pd(c0d)(s0lv)2]X with Ph2Ppy, respectively. 
The crystal and molecular structure of several complexes with Ph2Ppy acting in 
chelate fashion have been determined; these include [Ru(r|^-Ph2Ppy)(CO)Cl2],^^ cations 
[Pt(r|'-Ph2Ppy)(Ph2Ppy)Cl]/ 91 and [Pt(r|'-Ph2Ppy)( Ph2Ppy)Me]+ 92，and a uranium 
complex containing a pair of chelate Ph2Ppy ligands [U(BH4)3(r|^ -Ph2Ppy)2].^ ^ The 
results indicate that within the chelate ring, all of the angles are significantly 
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compressed. Both the C-N-M and N-C-P angles are reduced from the ideal value of 
120°, and the C-P-M angle is reduced below the expected value of 109.5°. 
1.3.3. Complexes with Bridging Ph2Ppy 
As previously mentioned, the compound Ph2Ppy has both soft (phosphorus) and 
hard (nitrogen) donor atoms and a short bite distance, so that it serves as an excellent 
bridging ligand for preparing homo-, especially heterobimetallic complexes and usually 
results in metal-metal bonding. Many homo- and heterobimetallic complexes with 
Ph2Ppy acting as bridges have been synthesized and characterized by single-crystal 
X-ray analysis, and these species exhibit a relatively rich chemistry. 
At the present time, bimetallic complexes with one, two, three or four Ph2Ppy 
bridges have been reported. The interaction between two metal centers ranges from 
non-bonding to multiple metal-metal bond. In general, because the compound Ph2Ppy 
has a short bite distance, Ph2Ppy bridged bimetallic complexes with non-bonding 
interaction between the metal centers are rare. For examples, in the complex [Ag2(r|^-
Ph2Ppy)(Ph2Ppy)2(^i-Cl)2]96 two silver atoms are bridged by one Ph2Ppy ligand and a 
pair of chloro bridges with the k%"'^% distance of 3.074 A which indicate non-
bonding between the two metal centers. In the heterobimetallic complex [(cod)Rh(|i-
Cl)(^i-Ph2Ppy)PdCl2]9o the two metal centers are bridged by a Ph2Ppy ligand as well as 
a chloro bridge. The Rh."Pd separation of3.210(4) A is too long to be considered as 
indicative of a metal-metal interaction. Non-bonding interaction is also observed in the 
homobimetallic Cu(I) cation [Cu2(^i-Ph2Ppy)2(MeCN)2]2+ in which the two copper 
atoms are bridged by a pair 0fPh2Ppy ligands with the Cu...Cu separation of3.584 A 
which unequivocally indicates non-bonding between t h e m . In the very unusual cation 
[Cu2(^i-Ph2Ppy)3(MeCN)]2+ two copper atoms are bridged by three Ph2Ppy ligands, 
and the Cu...Cu distance of 2.721 A indicates a weak interaction between them, even 
though three bridging Ph2Ppy ligands should produce severe geometric constraints in a 
binuclear complex to hold the two metal in close proximity.'^ On the other hand, this 
ligand was adopted by Cotton and co-workers to prepare complexes containing 
multiple metal-metal bond. Such examples include the novel homobinuclear complex 
[Re2Cl2(^i-Ph2Ppy)4](PF6)2'2(CH3)2CO in which the Re2'^ unit is bridged by four 
Ph2Ppy ligands and a multiple metal-metal bond exists between them.'®' 
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Ph2Ppy bridged bimetallic complexes with metal-metal bonding occupied a central 
position in the chemistry of the Ph2Ppy and have been extensively studied?�:’ ！的 The 
most notable of these was the work ofBalch.79 9i,95,io4,io5 Qne of their most interesting 
observations involved the reaction of [(CO)2RhCl]2 with c/5-Cl2Pt(Ph2Ppy)2: initially 
the compound c/,s-Cl2Pt(Ph2Ppy)2 abstracts halide ion from [(CO)2PhCl]2 to form a 
ionic intermediate [Pt(^i-Ph2Ppy)(Ph2Ppy)Cl][(CO)2RhCl2], which was isolated and 
structurally determined. Upon heating this intermediate was converted to the 
metal-metal bonded Pt-Rh complex [ClPt(^i-Ph2Ppy)2Rh(CO)Cl2] in a head-to-tail 
configuration. The conversion of the hetero-difunctional ligand from phosphorus to 
nitrogen binding at platinum is readily understood in terms of the chelated 
intermediate.^' The study offered insight into one of the mechanisms of forming 
polynuclear metal complexes. 
On the other hand, the neutral organometallic Ph2Ppy monodentate P-bonded 
complex ^7^y-(CO)3Fe(Ph2Ppy)2 has a basic Fe(0) center and two pendant pyridyl 
groups, and is thus structurally analogous to terpyridine which can act in mono-, bi- or 
tridentate mode.^ ®^ It can be expected that this kind of complexes will provide a 
convenient precursor to prepare homo- or heterobimetallic complexes containing 
dative metal-metal bond. Recently, a series of complexes of this type have been 
prepared and shown to exhibit catalytic activities for carbonylation of ethanol to form 
ethyl propionate/o7 and hydrogenation of carbon dioxide to methyl formate in 
methanol.io8 Although the crystal structures of a few of them have been determined, 
they are mainly confined to mercury(II) halide complexes. The reactivity and 
coordination behavior of &am*-(CO)3Fe(Ph2Ppy)2 toward other metals, especially the 
transition elements, as well as the relationship between the catalytic activity of its 
binuclear complexes and their structures are still unclear. 
The present research proposal aims at (i) synthesizing new pyridylphosphine-like 
ligands and their related monodentate P-bonded iron carbonyl complex, (ii) studying 
the coordination behavior of the resulting iron carbonyl complex toward other metals 
when forming dinuclear complexes, (iii) investigating the reactivity of the iron carbonyl 
complex upon treatment with some metal reagents, and (iv) by the structure 
determination of the resulted bimetallic complexes, probing the relationship between 
their catalytic activities and their molecular structures. 
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Chapter 2. Results and Discussion 
2.1. Synthesis and Structural Characterization of the Phosphido-Bridged 
Heterobimetallic Transition Metal Complex, (OC)3Fe(^i-PPh2)2Mo(CO)4 
Heterobimetallic complexes have been the subject of extensive studies because two 
different transition metals brought into close proximity in a bimetallic complex may 
display chemistry unique from that found in the individual separated fragments.'^'"^ In 
particular, interest has focused on the complexes containing electron-deficient and 
electron-rich metal centers. Such systems offer a synergistic interaction when they are 
used as catalysts in some catalytic reactions,"� such as in the reactions of group 9 
metal carbonylates with group 4 metallocene a l k y l s , " 4 hydroformylation catalyzed by a 
Zr-Rh heterobimetallic species in which enhanced activity was attributed to Lewis acid 
activation of CO by the Zr,u5 "6 and hydroformylation of 1-hexene catalyzed by 
Cp2Zr(n-PPh2)2RhH(CCOPPh3.60 
Several factors contribute to the occurrence and stability of herterobimetallic 
compounds: formation of metal-metal bonds, ligand bridges, or a combination of both 
structural features. Among the phosphine ligands that are capable of serving as 
bridging agents, diorganophosphide (PR2') ligands have been extensively used to 
synthesize heterobimetallic complexes because they not only provide particularly stable 
bridge anchors which retard fragmentation of the bimetallic unit,i"-"9 but also 
constitute systems in which steric and electronic factors can be finely tuned. For 
example, in bis-PR2" bridged complexes that have been structurally characterized, the 
M-P-M' angles and M-M' distances range from 54 to 104° and 2.21 (multiple M-M' 
bond) to 3.70 A (M-M' nonbonding)�2。，^ 
For the phophido-bridged bimetallic complexes containing early and late transition 
metals (M and M', respectively), two bonding modes have been established structurally 
and spectroscopically.7i 
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p p / \ / \ M ^ ^M- M ^ -M* 
\ p ^ \ p ^ 
A B 
In type A, there is no interaction between the metal centers, and the M(PR2)2 unit 
simply acts as a bidentate phosphine ligand to coordinate with M'j22 In type B, 
bonding between the M and M' fragments occurs via lone-pair donation from the 
bridging phosphido groups to the late transition metal, with a weak secondary 
interaction comprising back donation from the late transition metal M' to the empty 
low-lying orbitals on the early transition metal M. 
Results and Discussion 
Reaction of Ph3P with lithium chips followed by hydrolysis leads to the formation 
0fPh2PH (2.1.1) (scheme 2.1.1); a further reaction of2 .1 .1 with Fe(CO)5 gives 2.1.2; 
a phosphido-bridged hetero bimetallic complex (CO)3Fe(^i-PPh2)2Mo- (CO)4 2.1.3 was 
obtained via a direct reaction of /nmy-(CO)3Fe(PPh2H)2 2.1.2 and Mo(CO)6, as shown 
in Scheme 2.1.2. 
Ph3P (i) > Ph2PLi — ~ ^ r ^ Ph2PH 
2.1.1 
Scheme 2.1.1. Conditions', (i) Li, thf, 25�C，overnight; (ii) H2O. 
Ph2PH 
, C 0 
Fe(CO)3 - ^ ^ ^ ^ O C - F e ' 
� C 0 
M o ( C ^ P � P H 
^ ^ \ \ ) 2.1.2 
(CO)3Fe(^i-PPh2)Mo(CO)4 ^ 
2.1.3 
Scheme 2.1.2. Syntheses of compound 2.1.2-2.1.3. Condition: (i) n-butanol, 25°C, 
1/2 h; (ii) reflux, 4h; (iii) benzene, reflux. 
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Synthesis and Spectroscopic Characterization 
Complex 2.1.2 was synthesized by adapting the literature method for the 
preparation of ^raw5-(CO)3Fe(Ph2Ppy)2.'^^ Similar to that of /raw5-(CO)3Fe(Ph2Ppy)2, 
the IR spectrum of /ra^w-(CO)3Fe(Ph2PH)2 exhibits only one intense carbonyl 
stretching frequency at 1878 cm"\ which indicates D^h molecular symmetry that is 
consistent with the two Ph2PH ligands occupying the /raw5*-positions. The solid ^^P 
NMR spectrum of2.1.2 shows a doublet at 6iso 三(6n + 822 + 633)/3 of 58 and 57 ppm 
which is caused by dipolar coupling between the directly bonded P and H atoms.'^^ 
These spectral data are similar to those reported previously for (CO)3Fe(Ph2PH)2 
prepared using a photochemical method, whose IR spectrum showed three carbonyl 
stretching frequencies at 1964w, 1873s，1844w cm'^ in thf, and the ^^P NMR spectrum 
showed a chemical shift at 5 54 ppm in CeDe.^' 
One of the most widely used synthetic routes to diorganophosphido-bridged 
heterobimetallic complexes involve the deprotonation of metal-coordinated secondary 
phosphines and reaction of the resulting anions with a transition-metal halide. A 
typical example is shown as follows (eqs. 2.1.1 and 2.1.2).'^^ 
M(CO)x<PR2H)2 + 2BuLi ^ Li2[M(CO)x<PR2)2] + 2BuH 
eq. 2.1.1 
CP'\ ,_资_、 
Cp2ZrCl2 + Li2[M(CO)x(PR2)2] ^ )Zr;;^ .'M(CO)x + 2LiCl 
C p Z \ p Z R2 
eq. 2.1.2 
M = Fe, X = 3，R = Ph, Cy; M = W, x = 4，R = Ph. 
Such complexes can also be prepared from the reaction of a neutral complex 
containing two secondary phosphine groups, which ftinctions as a bidentate phosphine 
ligand, and another metal complex containing easily leaving coordination groups, as 
shown in the following examples, (eqs. 2.1.3 and 2.1.4).'^^ 
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Cp2Hf(PEt2)2 + N i ( C O ) 4 ~ t : 2 = e • Cp2Hf(n.PEt2)2Ni(CO)2 
eq. 2.1.3 
Cp2Hf(PEt2)2 +(NBD)Mo(CO)4 ™ p ^ • Cp2Hi(H-PEt2)2Mo(CO)4 
eq. 2.1.4 
NBD = T]^-norbomadiene 
However, in the present case complex 2.1.3 was prepared by the direct reaction of 
/raw5-(CO)3Fe(Ph2PH)2 with Mo(CO)6 (eq. 2.1.5) 
Ph2fH m Ph2 9 0 
尸 Mo(CO^ , " " C 0 OC—Fe ~benzene,i^flux • OC—Fbv ^ Q ^ 
CO P CO 
Ph2PH CO Ph2 CO 
eq.2.1.5 
The yield is almost quantitative after refluxing for six days. A similar reaction was 
observed in the following example (eq. 2.1.6).'^^ 
Ph2 Ph) 
OC H p 2 义 
\： / \ 110°C,toluene Z \ 
0 / W(CO)5 ^ »^  0^MeP)(CO)2O^^^——^W(CO)4 
P P h . M e / l \ p p ^ H -CCVH2 X 
eq. 2.1.6 
The IR spectrum of complex 2.1.3 shows many absorption bands in the range of 
terminal carbonyl group stretching vibration, and only four peaks of v(CO): 2028s， 
1970s, 1930s, 1879s cm"^  can be distinguished. The solid ^^ P NMR spectrum of2.1.3 
exhibits one peak at 5iso 209 ppm which is consistent with the chemical equivalence of 
the two bridging phosphorus atoms. 
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Crystalstructure of (CO)3Fe(jU'PPh^2Mo(CO)4 (2.1.3) 
An ORTEP drawing and atom numbering of the (CO)3Fe(^i-PPh2)2Mo(CO)4 
molecule is shown in Figure 2.1.1; selected bond lengths and angles are listed in Table 
2.1.1. 
Table 2.1.1. Selected bond lengths (A) and angles (。）for 2.1.3. 
Mo(l)-C(l) 2.059 (7) Mo(l)-C(2) 2.012 (7) 
Mo(l)-C(3) 2.045 (7) Mo(l)-C(4) 2.025 (8) 
Mo(l)-Fe(l) 2.854 (1) Mo(l)-P(l) 2.492 (2) 
Mo(l)-P(2) 2.491(2) C(l)-0(1) 1.121(9) 
C(2)-0(2) 1.146(9) C(3)-0(3) 1.132 (9) 
C(4)-0(4) 1.124(11) Fe(l)-C(5) 1.791(7) 
Fe(l)-C(6) 1.733 (12) F e � - C ( 6 • ) 1.722 (14) 
Fe(l)-C(7) 1.809 (7) Fe(l)-P(l) 2.212 (2) 
Fe(l)-P(2) 2.233 (2) C(5)-0(5) 1.141(9) 
C(6)-0(6) 1.181(17) C(6>0(6') 1,179 (20) 
C(7)-0(7) 1.117(9) 
C(l)-Mo(l)-C(2) 93.0(3) C(l)-Mo(l)-C(3) 173.7(3) 
C(2)-Mo(l)-C(3) 88.0(3) C(l)-Mo(l)-C(4) 85.3(3) 
C(2)-Mo(l)-C(4) 86.8(3) C(3)-Mo(l)-C(4) 88.6(3) 
C(l)-Mo(l)-Fe(l) 91.6(2) C(2)-Mo(l)-Fe(l) 131.9(2) 
C(3)-Mo(l)-Fe(l) 92.3(2) C(4)-Mo(l)-Fe(l) 141.3(2) 
C(l)-Mo(l)-P(l) 88.8(2) C(2)-Mo(l)-P(l) 84.0(2) 
C(3)-Mo(l)-P(l) 97.4(2) C(4)-Mo(l)-P(l) 168.8(3) 
Fe(l)-Mo(l)-P(l) 48.3(1) C(l)-Mo(l)-P(2) 91.7(2) 
C(2)-Mo(l)-P(2) 175.2(2) C(3)-Mo(l)-P(2) 87.2(2) 
C(4)-Mo(l)-P(2) 92.6(2) Fe(l)-Mo(l)-P(2) 48.8(1) 
P(l)-Mo(l)-P(2) 97.1(1) Mo(l)-C(l)-0(l) 176.0(6) 
Mo(l)-C(2)-0(2) 177.4(6) Mo(l)-C(3)-0(3) 176.4(7) 
Mo(l)-C(4)-0(4) 177.8(8) Mo(l)-Fe(l)-C(5) 94.1(2) 
Mo(l)-Fe(l)-C(6) 164.9(5) C(5)-Fe(l)-C(6) 84.3(4) 
Mo(l)-Fe(l)-C(6') 172.3(5) C(5)-Fe(l)-C(6') 88.6(6) 
Mo(l)-Fe(l)-C(7) 93.6(2) C(5)-Fe(l)-C(7) 171.6(3) 
C(6)-Fe(l)-C(7) 89.2(5) C(6')-Fe(l)-C(7) 83.3(6) 
Mo(l)-Fe(l)-P(l) 57.3(1) C(5)-Fe(l)-P(l) 94.0(2) 
C(6)-Fe(l)-P(l) 107.8(5) C(6_)-Fe(l)-P(l) 129.7(6) 
C(7)-Fe(l)-P(l) 93.1(2) C(5)-Fe(l)-P(2) 92.3(2) 
C(6)-Fe(l)-P(2) 137.9(5) C(6')-Fe(l)-P(2) 115.7(5) 
C(7)-Fe(l)-P(2) 89.1(2) Mo(l)-Fe(l)-P(2) 57.1(1) 
Fe(l)-C(7)-0(7) 175.5(7) Mo(l)-P(l)-Fe(l) 74.4(1) 
Mo(l)-P(2)-Fe(l) 74.1(1) 
The X-ray crystallographic study of(CO)3Fe(^i-PPh2)2Mo(CO)4 (2.1.3) reveals that it 
exists as a discrete dinuclear molecule in which the iron and molybdenum centers are 
linked by two phosphido groups (Fig. 2.1.1). The Fe-Mo distance of 2.854(1) A is not 
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only markedly longer than the sum of the atomic radii of iron and molybdenum [r(Fe) 
+ r(Mo) = 2.66 A]，^  but also significantly longer than those found in the complex 
Ti^-{(2,4,6-'Bu3-C6H20)[(Ph)(H)C=CH]P-Fe(CO)3-C(Ph)-CH)Mo(ti^-C5H5)(CO)2 
[2.804(1) A],i26 in the hetero-trinuclear cluster (^i3-S)FeMoNi(ri^-RC5H4)(Ti^-C5H5)-
(CO)5 [2.782(1) A]，i27 and in Cp3C02MoFe(CO)5CCO2CH(CH3)2 [2.773(1) A].'^^ If 
the Fe-Mo interaction is ignored, the coordination environment of the Fe atom can be 
regarded as a trigonal bipyramid with two carbonyl groups occupying the axial 
positions, and one carbonyl group and two phosphorus atoms in the equatorial plane. 
This coordination environment is similar to that found in Fe2(CO)6(^i-PPh2)2i29 [Fe-P 
2.234(3), 2.228(3) A]. The cw-octahedral coordination environment around the 
molybdenum atom is similar to that found in Cp2Hf(|^-PPh2)2Mo(CO)4.'^^ The Mo-P 
distances of 2.492(2) and 2.491(2) A are somewhat shorter than those found in 
Cp2HfOa-P^2)2Mo(CO)4 [2.538(1), 2.534(1) A],'^ ^ and similarto that in [Mo(CO)40i-
PEt2)]2 [av. Mo-P 2.51(1) A] . i3�The Mo-C distances lie in the range of other normal 
molybdenum carbonyl compounds. The planar FeP2M0 ring is similar to the HfP2M0 
unit in Cp2Hf(^i-PPh2)2Mo(CC04.i22 The Mo(l)-Fe(l)-C(6) and Mo(l)-Fe(l)-C(6') 




Figure 2,1.1. Molecular structure and atom numbering scheme of (CO)3Fe(^i-
PPh2)2Mo(CO)4 2.1.3. H-atoms and one of the components of the disordered 
carbonyl group are omitted for the clarity. The thermal ellipsoids are drawn at 
the 35% probability level. 
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For the phosphido-bridged bimetallic complexes, structural and spectroscopic rules 
have been established to determine the existence of metal-metal bonding between the 
bridged metal centers: (1) for phosphido-bridged transition-metal systems, M-P-M' 
angles in the range of 70-85° have invariably been associated with some degree of 
metal-metal bonding, as examplified in (CO)3Fe(kPPh2)2Fe(CO)3 [Fe-Fe 2.613(2) A, 
av. Fe-P-Fe 72.0(1)°]^^^ and Cp2Zr(^i-PPh2)2W(CO)4 [Zr-W 3.289(1) A, av Zr-P-Mo 
79.21°];6i (2) in closely related phosphido-bridged transition-metal complexes, the ^^P 
NMR chemical shift for ji-PRi ligands bridging two metals linked by a metal-metal 
bond often appears downfield (5 300 to 50) whereas upfield resonances (6 50 to -300) 
are commonly observed for compounds without a metal-metal bond.^ '-'® '^'^ '^'^ ^ 
Although exceptions to these correlations are known"?,"<，they are important criteria 
for judging the existence of metal-metal bonding in the phosphido-bridged transition-
metal complexes. 
In complex 2.1.3 the formulation of a single bond between the iron and molybdenum 
centers, which satisfies the 18-electron rule, are derived from the following structural 
features and spectroscopic data: (i) the Fe-P-Mo angles of 74.4(1) and 74 .1 (1 )� i n 
complex 2.1.3 fall well within the range of70-85°; (ii) a downfield chemical shift 5 151 
was observed in the solid ^^P NMR of compound 2.1.3，a value that is downfield of the 
resonance at 5 58 ppm in 2.1.2. 
Although the Fe-C bond length trans to the Mo atom is significantly shorter than 
the other two Fe-C bond lengths, it cannot be definitely associated with the trans 
influence o f M o upon C(6)0(6) or C(6')0(6') owing to two-fold disorder of the trans 
carbonyl group. 
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2.2. Synthesis and Crystal Structures ofHetero-bimetallic 2-(DiphenyIphos-
phino)pyridine Complexes Containing an Fe~>M (M = Cu(I), Ag(I) and 
Hg(II)) Donor-Acceptor Bond and a Mononuclear Fe(II) Complex Bearing 
a Pair ofPlanar Strained Four-membered Chelate Rings 
Metal complexes containing hetero-binuclear metal-metal bond have been 
subjected to extensive study in the past decade because two different transition metals 
brought into close proximity in a bimetallic complex may display chemical properties 
unique from those of the individual separated fragments.^^^'^^^ Particular interests have 
focused on the synthesis of compounds containing an electron-deficient and an 
electron-rich transition metal, which exert a synergistic interaction on each other when 
they are used as catalysts in some catalytic reactions."; There are several factors 
contributing to the occurrence and stability of metal-metal bonds.^^ It is well 
recognized that a relatively low formal oxidation state is a necessary condition for 
metal-metal bonding because the d orbitals are much contracted in higher oxidation 
states. A transition metal in a low oxidation state can act as a Lewis base and form a 
donor-acceptor bond with another metal atom in the proper Lewis acid range.^ '^^ '^^ ^^ 
Another important factor is that most bimetallic compounds containing metal-metal 
bond are stabilized by bridging ligands. 
Since the donor-acceptor metal-metal bond is weak,^^'^^ complexes containing 
unsupported donor-acceptor metal-metal bond are relatively rare, although some 
compounds of this type have been prepared and characterized by single-crystal X-ray 
analysis.52-59 Among the bi-functional phosphine ligands which are often used as 
bridging agents to form bimetallic complexes with or without direct metal-metal 
interaction, pyridyl phosphines are of special importance.^io^ Many homo-, or 
hetero-bimetallic complexes have been synthesized by adopting this kind of compounds 
as bridging ligands through oxidative addition^^^ or condensation.'^^ 
The organometallic compound /ra775-(CO)3Fe(Ph2Ppy)2 (Ph2Ppy = 2-(diphenyl-
phosphino)pyridine) has a basic Fe(0) center and two pendant pyridyl nitrogen atoms. 
Being structurally analogous to terpyridine, it is an excellent precursor for the 
preparation of homo- or hetero-bimetallic complexes containing a dative metal-metal 
bond. 
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Results and Discussion 
Ph2Ppy and /r(my-(CO)3Fe(Ph2Ppy)2 were prepared according to literature 
method.i�7 Reaction of tripenylphosphine with lithium chips in thf and then treatment 
with (CH3)3CCl to remove PhLi formed during the reaction led to Ph2PLi. Further 
reaction of Ph2PLi with 2-chloropyridine afforded 2-(diphenylphosphino)pyridine 
(Ph2Ppy) 2.2.1 (scheme 2.2.1). A neutral organometallic tridentate ligand trans-
(CO)3Fe(Ph2Ppy)2 2.2.2 was obtained via reaction of pyridyl phosphine 2.2.1, Fe(CO)5 
and NaOH as shown in Scheme 2.2.2. 
f ^ 
p h 3 p ^ f ^ _ i ^ ^ Ph,PLi ~ y ^ f ^ 
(0 (11) ("i) L A 
N \ PPh2 2.2.1 
Scheme 2.2.1. Synthesis 0fPh2Ppy (2.2.1). Conditions-, (i) thf, 25 °C, ovemight; (ii) 0 °C， 
1/2 h.; (iii) - 5 � C , 1 h, then 4 5 � C , 4 h. 
r ^ Ph_ I 
P h O p / ^ N ^ 
PQ 
^ m r A N a O H � 2.2.1 ^ ^ ^ —•.__• 
Fe(c0)5 - ^ - i i i T ^ f � c o 
Ph ,__ . , • / ^y ,N 
Ph I ^ ^ 
2.2.2 
Scheme 2.2.2. Synthesis of><my-(CO)3Fe(Ph2Ppy)2 (2.2.2). Conditions: (i) n-butanol, 2 5 � C , 
0.5 h; (v) reflux, 4 h. 
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Reaction of 2.2.2 with Cu(C104)2.6H20, CuOVleCN)4ClO4, AgClO4 gave 
[(C0)3Fe(^-Ph2Ppy)2Cu(Me2C0)]C104- 1.75M&CO 2.2.3, [(CO)3Fe(^i-Ph2Ppy)2Cu-
0l2O)]ClO4-CH2Cl2 2.2.4, and [(CO)3Fe(^i-Ph2Ppy)2Ag(Ph2Ppy)]ClO4.0.5MeOH 
2.2.5, respectively, as shown in Scheme 2.2.3: 
r ^ 
Ph_ I 
P h O p ^ N ^ 
l . ,co 
O C — F e ^ C u ( 0 C M ^ ) C 1 0 4 
T c o 
P h • . _ • . . y y N \ 
Ph I ^^^ 
r ^ r ^ ^ ”， Ph 丨 Ph I ^ y ^ 2.2.3 
P h ^ , A N ^ P h ^ > N ^ / ^ i ) 
I , c o I I .,CO 
O C — — F b — A g (Ph2Ppy) C 1 0 4 - ^ — — O C — F e 
r c o i (i") p c o 
P h , 7 N ^ N Ph,1y \ _ N \ ^ i i ) 
Ph I Ph I ^ \ 
^ ^ ^ ^ � 
2.2.5 , , , f < ^ 
2.2.2 Ph: I 
P h ^ p X ^ N ^ 
I , c o 
O C — — F e ^ C u (OH2) ClO4 
[ C O 
P h , , . . • / x ^ N 
Ph I ^ ^ ^ 2.2.4 
Scheme 2.2.3. Synthesis of complexes 2.2.3-2.2.5, Conditions', (i) Cu(MeCN)4ClO4, 
CH2Cl2/(CH3)2CO, 2 5 � C , 1 h; (ii) Cu(ClO4)2 6H2O, CH2Cl2/CH3OH, 2 5 � C , 1 h; (iii) 
AgClO4, CH2Cl2, 25�C，2 h. 
Reaction of 2.2.2 with Hg2(C104)2.iH20 afforded a yellow-green precipitate 2.2.6 
which is insoluble in thf, CH2Cl2, benzene and hexane. Recrystallization of 2.2.6 in 
dmfi^ CH3OH (dmf = dimethylformamide) led to the formation of [(CO)3Fe()Li-
Ph2Ppy)2Hg(H2O)(OClO3)]ClO4-2.5H2O-0.5MeOH, 2.2.7 as shown in Scheme 2.2.4: 
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f ^ ^ f ^ ^ r<S^^ Ph I Ph I Ph � j 
P h ^ / ^ N ^ P h O p ^ N ^ P h 4 , A N ^ ^ ^ 
I •..••CO | , c o | , c o | z _ 
G C — f � c o " l i T " G C 1 ^ y - H g ( C _ t G C — F @ � ClO4 
P h • • • _ • • / V N P h _ • _ . • / > N ^ P h _ • • . . . / V N � C l Q 
Ph � I Ph ^ I Ph I S x ^ ^ ^ S x ^ 
2.2.2 2.2.6 2.2.7 
Scheme 2.2.4. Synthesis of complexes 2.2.7. Conditions: (i) Hg2(C104)2.iH20, thfi^CHzCb, 
25�C，1 h; (ii) dmf/MeOH，5�C, 1 d. 
Reaction of 2.2.2 with Fe(ClO4)3'^H2O did not yield the expected heterobimetallic 
complex containing a dative Fe(0)~>Fe(in) bond. Instead a mononuclear Fe(II) 
complex c/>[(CO)2Fe(Ph2Ppy-P,A02](ClO4)2.CH2Cl2 2.2.8, which bears a pair of 
planar strained four-membered chelate rings, was obtained as shown in Scheme 2.2.5: 
r ^ Ph I 
p h ^ > N ^ CO r ^ ,.co f r ~ \ , , " v ^ 
O C — F ^ " " ——^^^- <f > — F e ： ^ I ^ - P h 2ClO4 
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2.2.2 2.2.8 
Scheme 2.2.5. Synthesis of complex 2.2.8. Conditions-, (i) Fe(ClO4)3 xH2O, CH2Cl2Me2CO, 
25 °C, 1 h. 
Synthesis of the Complexes 
Reaction of 2.2.2 with Cu(MeCN)4ClO4 in a mixed CH2Cl2Me2CO solvent led to 
the formation of the expected bimetallic Fe-Cu(I) complex 2.2.3. However, reaction 
of 2.2.2 with Cu(ClO4)2.6H2O in CH2Cl2MeOH failed to afford the corresponding 
Fe-Cu(II) complex. A reduction-oxidation process occurred in this reaction: firstly 
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Cu(II) was reduced by 2.2.2 to Cu(I), which then combined with another 2.2.2 to yield 
complex 2.2.4 which is isostnjctural with 2.2.3. Reaction of 2.2.2 with anhydrous 
AgClO4 in a mixed solvent of CH2Cl2 and MeOH led to the formation of 2.2.5 with 
some Ag(I) reduced to Ag(0). Surprisingly, treatment of an equimolar quantity of 
2.2.2 with anhydrous AgClO4 and Ph2Ppy under the same conditions failed to give 
complex 2.2.5, and the starting materials remained intact as shown by IR analysis. 
This result suggests that the formation of complex 2.2.5 may be initially dependent on 
the oxidation-reduction potential of / r a ">(CO)3Fe(Ph2Ppy)2 used as a reductant and 
silver species used as an oxidant. Blagg and co-workers have studied the reaction of 
f a c - or /wer-[M(CO)3(dppm-P,P')(dppm-P)] (M = Cr, Mo, or W) with silver(I) 
compounds. It was found that treatment o f f a c - or w^r-[M(CO)3(dppm-P,P ')(dppm-
P)] with AgNO3 at 20 °C in CH2Cl2 give metallic silver and Group 6 metal species, but 
the same reaction using 0.25 equivalents of [Ag4Cl4(PPh3)4] gave no oxidation 
products.i38 A similar phenomena was also observed in the reaction of [Fe2(CO)6-
{COSrHR)CH(C6H5)}P(C6H5)] with siIver(I) salts: instead of leading to isolable 
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adducts, a two-electron oxidation occurred with deposition of a silver mirror. 
Reaction of equi molar /ra"s-(CO)3Fe(Ph2Ppy)2 and Hg2(ClO4)2.AH2O in CH2Cl2/thf 
afforded a greenish-yellow precipitate 2.2.6 which was believed to contain a Fe-Hg-Hg 
unit by JK spectroscopic analysis. However, attempts to recrystallize this product in 
dmf/MeOH failed to give crystals of the desired Hg(I) complex, but instead caused 
disproportionation of the Hg-Hg unit to yield crystalline complex 2.2.7. Reaction of 
2.2.2 with Fe(ClO4)3.xH2O in CH2Cl2/(CH3)2CO did not afford the desired 
Fe(0)-Fe(III) binuclear complex. On the other hand, an unexpected and very unusual 
mononuclear organometallic complex [Fe(C0)2(P^i2Ppy)2-P,A^(C104)2.CH2Cl2 2.2.8 
that contains a pair of strained planar four-membered chelate rings was obtained from 
this reaction. 
Spectroscopic characterization 
The carbonyl stretching frequencies of complexes 2.2.3-2.2.5, 2.2.7 and 2.2.8 are 
listed in Table 2.2.1. The IR spectra for bimetallic complexes 2.2.3-2.2.5, 2.2.7 are 
typical and exhibit three v(CO) vibrations that shift to higher frequencies as compared 
with v(CO) for /nms-(CO)3Fe(Pli2Ppy)2,io7a which indicate a change oflocal symmetry 
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from Dsh to Cs at the iron atom due to donor-acceptor bonding formation and a 
decrease of electron density around the iron(0) center. It is worthy noting that v(CO) 
for 2.2.5 are lower than those for complexes 2.2.3，2.2.4 and 2.2.7. The ^^P NMR 
spectrum of complex 2.2.5 gives two singlets at 4.16 and 107.65 ppm, which indicate 
that two kinds of phosphorus atoms are present. In comparison with the ^^P NMR 
results for complexes (OC)3Fe(|>Ph2Ppy)2MXn/07a the former may be assigned to the 
silver bonded phosphorus atom and the latter to the iron bonded one. 
Table 2.2.1. Infrared carbonyl absorption spectra for 2.2.3-2.2.5, 2.2.7 
and 2.2.8. 
Compound v(CO)/cm'^ 
[(CO)3Fe(^-Ph2Ppy)2Cu0^e2CO)]ClO4-2.5Me2CO 2.2.3 2033, 2044, 2094 
[(CO)3Fe(^i-Ph2Ppy)2CuO^O)]C104.0.5CH2Cl2.H20 2.2.4 1890，1918, 1994 
[(CO)3Fe(^i-Ph2Ppy)2AgO^li2Ppy)]ClCV0.5MeOH 2.2.5 1892, 1924, 1989 
[(C0)3Fe(^-Ph2Ppy)2Hg^0)(0C103)]C104 
-2.5H2O-0.5MeOH 2.2.7 1890, 1985. 2053 
[(CO)2Feq^h2Ppy-P,A02]ClO4-CH2Cl2 2.2.8 2038, 2094 
Structures of bimetallic complexes 2.2.3-2.2,5and 2.2.7 
As illustrated in Fig. 2.2.1-2.2.4, in all four complexes, the 18-electron neutral 
organometallic ligand ,ra"s-(CO)3Fe(Ph2Ppy)2 acts as a tridentate ligand and the Fe(0) 
atom as a Lewis base toward another metal atom M (M = Cu, Ag and Hg). Two metal 
centers are linked by a pair 0fPh2Ppy bridges and a metal-metal bond to form a hetero-
binuclear core, and the resulting five-membered metallacyclic rings are severely twisted 
out of plane (Table 2.2.7). 
The crystal structure of complex 2.2.3 comprises organometallic cations 
[(CO)3Fe(^i-Ph2Ppy)2Cu-(Me2CO)]^ (Fig. 2.2.1), anions ClO/ and molecules 
(CH3)2CO packed together in the crystal lattice. 
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Table 2.2.2. Selected bond lengths (A) and angles ( � ) for 2.2.3. 
Cu(l)-Fe(l) 2.501(2) Cu(l)-C(l) 2.276(11) 
Cu(l)-0(4) 2.117(8) Cu(l)-N(l) 2.049 (8) 
Cu(l)-N(2) 2.061 (10) Fe(l)-C(l) 1.815(11) 
Fe(l)-C(2) 1.778 (10) Fe(l)-C(3) 1.782 (11) 
Fe(l)-P(l) 2.209 (3) Fe(l)-P(2) 2.212 (3) 
C(l)-0(1) 1.162(14) CCZ)-0(2) 1.151 (12) 
C(3)-0(3) 1.151 (14) 
卩伫⑴-匚口⑴-(^‘） 139.8(3) Fe(l)-Cu(l)-N(l) 97.8(2) 
0(4)-Cu(l)-N(l) 90.0(3) Fe(l)-Cu(l)-N(2) 98.6(2) 
C(l)-Cu(l)-N(2) 113.6(4) 0(4)-Cu(l)-N(2) 109.6(3) 
N(l)-Cu(l)-N(2) 123.6(4) Cu(l)-Fe(l)-C(l) 61.2(3) 
Cu(l)-Fe(l)-C(2) 165.5(3) Cu(l)-Fe(l)-C(3) 80.0(3) 
C(l)-Fe(l)-C(2) 104.3(5) C(l)-Fe(l)-C(3) 141.2(4) 
C(2)-Fe(l)-C(3) 114.5(5) P(l)-Fe(l)-P(2) 165.7(1) 
Cu(l)-C(l)-Fe(l) 74.4(4) Fe(l)-C(l)-0(1) 168.9(9) 
Fe(l)-C(2)-0(2) 179.3(11) Fe(l)-C(3)-0(3) 178.5(8) 
Cu(l)-0(4)-C(4) 136.6(9) Cu(l)-N(l)-C(ll) 120.2(6) 
Fe(l)-P(l)-C(ll) 111.7(4) P(l)-C(ll)-N(l) 113.5(7) 
Fe(l)-P(2)-C(28) 111.9(3) Cu(l)-N(2)-C(28) 119.2(7) 
P(2)-C(28)-N(2) 114.7(9) P(2)-C(28)-C(27) 123.3(7) 
� 2 � C ^ ^ ^ � 8 
"!f^^^^^ 
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Figure 2.2.1. Molecular structure and atom numbering of [(CO)3pe(^-
Ph2Ppy)2Cu(Me2CO)]^ in 2.2.3. Hydrogen atoms are omitted for clarity. The 
thermal ellipsoids are drawn at 35% probability level. 
The Fe-Cu distance of2.501(2) A falls within the range of2.394-2.580 A reported for 
polynuclear complexes containing an Fe-Cu b o n d " It is shorter than the sum 
[2.54 A]i25 of the atomic radii of iron and copper and the Fe-Cu distance [2.540(2) 
A]i4o found in the neutral binuclear complex [(Pli3P)Cu(^i-dppm)Fe{Si(OMe)3}(CO)3]， 
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in which the iron and copper centers are joined by a dppm (bis-(diphenylphosphino)-
methane) bridge. This bonding distance is comparable to the values found in the 
trinuclear complex [{Cu(PPh3)2}2Fe(CO)4], which contains a nearly linear Cu-Fe-Cu 
chain [2.499(4) and 2.522(4) A ] . ^ The Fe atom is surrounded by the Cu atom, two 
phosphorus atoms from the Ph2Ppy ligands [Fe-P 2.209(3) and 2.212(3) A], and three 
carbonyl groups in a distorted octahedral environment similar to that found in 
[(CO)3Fea%Ppy)2Hg(SCN)2] [Fe-P 2.259(2), 2.265(2) A f ' a and 
[(CO)3Fe(Ph2Ppy)2HgI2] [Fe-P 2.254(1), 2.251(1) A]]�7b The Fe-P distances are 
somewhat longer than those found in /ra"s-Fe(CO)3(Ph2Ppy)2 [2.202(1)，2.206(1) 
A],io7b which is consistent with electron donation from Fe(0) to Cu(I), consequently 
reducing the electron density on the iron center and weakening the Fe-P bond. The 
P-Fe-P angle of 165.7(1)� i s significantly smaller than that in /nmy-(CO)3Fe(Ph2Ppy)2 
177.08(3)°]. The coordination polyhedron around the Cu(I) atom consists of the Fe 
atom, two pyridyl nitrogen atoms of the Ph2Ppy ligands [Cu-N 2.049(8) and 2.061(10) 
A], and the oxygen atom from an acetone ligand molecule [Cu-0 2.117(8) A]. The 
angles of 90.0(3)-139.8(3)�around Cu(I) indicate that the coordination environment 
about the Cu atom is distorted tetrahedral. 
An interesting feature of this compound is the semi-bridging interaction between 
the copper atom and one of the carbonyl ligands, C(1)0(1). The contact of Cu(l)-
C(1) = 2.276(11) A falls well within the copper-carbonyl group distance range of2.25-
2.46 A which are considered as semi-bridging interactions in mixed Fe-Cu carbonyl 
clusters.i4i It is comparable to the semi-bridging interaction distance of 2.267(8) A 
found in the binuclear complex [(CO)2W(^i-dppm)2(^i-Cl)Cu]i38a and longer than that 
in [ (0C)2(T | -C5H5)W(^-C0)(^-MeC02)2Cu(mpy)] (mpy = 4-methylpyridine) [Cu-C 
2.137(9) Aj,i38b in which the copper atom is in oxidation state +2. In addition, the 
Fe(l)-C(l)-0(1) angle of 168.9(9)°，being significantly deviated from linearity, is also 
consistent with the semi-bridging interaction between the Cu(I) atom and carbonyl 
group C(1)0(1). 
The crystal structure of complex 2.2.4 comprises organometallic cations 
[(C0)3Fe(^i-Ph2Ppy)2Cu(H20)]" (Fig. 2.2.2), anions ClO4", water and CH2Cl2 
molecules packed together in the crystal lattice. 
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Table 2.2.3. Selected bond lengths (A) and angles ( � ) for 2.2.4. 
Cu(l)-Fe(l) 2.512(2) Cu(l)-C(l) 2.320 (6) 
Cu(l)-0(1W) 2.245 (6) Cu(l)-N(l) 2.025 (5) 
Cu(l)-N(2) 2.048 (5) Fe(l)-C(l) 1.778 (6) 
Fe(l)-C(2) 1.770 (6) Fe(l)-C(3) 1.799 (5) 
Fe(l)-P(l) 2.214(2) Fe(l)-P(2) 2.214(2) 
CX1)-0(1) 1.178(8) C(2)-0(2) 1.147 (8) 
C(3)-0(3) 1.139(7) 
F e � - C u ( l ) - 0 ( 1 W ) 140.5(2) Fe(l)-Cu(l)-N(l) 98.5(2) 
0(1W)-Cu(l)-N(l) 96.0(2) Fe(l)-Cu(l)-N(2) 99.0(1) 
N(l)-Cu(l)-N(2) 135.0(2) Cu(l)-Fe(l)-C(l) 62.8(2) 
Cu(l)-Fe(l)-C(2) 172.1(2) C u ( l ) - F e � - C ( 3 ) 73.5(2) 
C(l)-Fe(l)-C(2) 109.4(3) C(l)-Fe(l)-C(3) 136.2(3) 
C(2)-Fe(l)-C(3) 114.4(3) P(l)-Fe(l)-P(2) 169.0(1) 
Cu(l)-C(l)-Fe(l) 74.3(2) Cu(l)-C(l)-0(1) 114.9(5) 
Fe(l)-C(l)-0(1) 170.8(6) Fe(l)-C(2)-0(2) 178.0(5) 
Fe(l)-C(3)-0(3) 177.9(6) Fe(l)-P(l)-C(8) 112.8(2) 
Cu(l)-N(l)-C(8) 120.6(4) P(l)-C(8)-N(l) 115.6(4) 
Fe(l)-P(2)-C(25) 113.4(2) Cu(l)-N(2)-C(25) 119.7(4) 
As depicted in Fig. 2.2.2, the cation [(CO)3FeO^-Ph2Ppy)2Cu(H2O)]+ ofcomplex 2.2.4 
is isostructural with the cation [(CO)3Fe(n-Ph2Ppy)2Cu(Me2CO)]+ of complex 2,2,3. 
The Fe-Cu distance of 2.512(2) A is comparable to the corresponding value in 2.2.3. 
A semi-bridging interaction also exists in 2.2.4 [Cu(l)-C(l) 2.320(6) A; Fe(l)-C(l)-
0(1) 170.8(6)°]; however, it is weaker than that in complex 2,2,3. The Cu-0(acetone) 
distance of2.117(8) A in 2.2.3 is significantly shorter than the Cu-0(aqua) distance of 
2.245(6) A in complex 2.2.4. This can be rationalized on the basis of 71 back bonding 
from the copper atom to the carbonyl group of the coordinated acetone molecule in 
2.2.3, which reduces the electron density on the copper atom and enhances its Lewis 
acid strength, thus making the Fe-Cu and semi-bridging bonding distances relatively 
shorter. 
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Figure 2.2.2. Molecular structure and atom numbering [FeCu(CO)3()i-
Ph2Ppy)2(H2O)]+ in 2.2.4. Hydrogen atoms are omitted for clarity. The 
thermal ellipsoids are drawn at 35% probability level. 
Complex 2.2.5 contains a packing of [(CO)3Fe(^i-Ph2Ppy)2Ag(Ph2Ppy)]^ cations 
(Fig. 2.2.3), ClO4' anions and MeOH molecules. To our knowledge, this is the first 
binuclear Fe(0)-Ag(I) donor-acceptor complex to be structurally fully characterized by 
single-crystal X-ray analysis, although the crystal structures of a few Fe-Ag clusters 
have been reported.^^^'^^^ 
In the cation [(CO)3Fe(^i-Ph2Ppy)2Ag(Ph2Ppy)]+, the Fe-Ag bond distance of 
2.760(1) A is significantly longer than the value found in the triangular di-coordinate 
silver cluster [Fe2Ag(CO)6{CHCO^CH3)C6H5|PPh2]C104 [2.685(1) and 2.703(1) 
A]i39 in which the interaction between Ag and Fe atoms is regarded as a two-electron, 
three-center bond, the mononuclear six-coordinate silver cluster [Ag6(Fe(CO)4)3 
{(Ph3P)3CH)}] [2.664(1)-2.720(1)入广？，as well as the sum o f the atomic radii o f F e 
and Ag atoms [2.70 A]/^^ and may be attributed to the rigidity imposed by the bite of 
the pair ofbridging Ph2Ppy ligands. The atoms Fe(l), Ag(l), C(l)-C(3) and P(3) are 
coplanar with a mean atomic deviation of 0.024(1) A from the least-squares plane. 
The coordination environment of the Fe atom is best described as a distorted 
octahedron consisting of a silver atom, two phosphorus atoms from Ph2Ppy [Fe-P 
2.223(2), 2.224(2) A] and three carbon atoms from the terminal carbonyl groups, 
which is similar to that in 2.2.3, 2.2.4 and analogous Fe-Hg complexes?。？ The Fe-P 
distances is nearly the same as those in 2.2.3 and 2.2.4. However , the P-Fe-P angle of 
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173.4(1)° is smaller than that in /raw^-(CO)3Fe(Ph2Ppy) [177.08(3)°]^^^ but larger 
than those in 2.2.3 and 2.2.4 [165.7(1) and 169.0(1)�]. The distorted tetrahedraI 
coordination geometry around Ag is obvious from the angles around Ag(I) [84.9(2)-
149.6(1)°]. It involves the Fe atom, two pyridyl nitrogen atoms of the bridging Ph2Ppy 
ligands [Ag-N 2.465(5) and 2.479(6) A] and a phosphorus atom from the terminal 
Ph2Ppy ligand [Ag-P 2.449(2) A]; the metal-ligand distances are comparable to the 
corresponding bond lengths in the binuclear complex Ag2(Ph2Ppy)2(^i-Ph2Ppy)(pi-Cl)2 
[Ag-N 2.451(9) A, Ag-P(terminal Ph2Ppy) 2.432(3) and 2.436(4) A ].^ ^ 
Table 2.2.4. Selected bond lengths (A) and angles ( � ) for 2.2.5. 
Ag(l)-Fe(l) 2.760(1) Ag(l)-C(l) 2.562 (6) 
Ag(l)-N(l) 2.456 (5) Ag(l)-N(2) 2.478 (6) 
Ag(l)-P(3) 2.449 (2) Fe(l)-C(l) 1.804 (7) 
Fe(l)-C(2) 1.782 (7) Fe(l)-C(3) 1.791 (7) 
Fe(l)-P(l) 2.223 (2) Fe(l)-P(2) 2.224 (2) 
C(l)-0(1) 1.137 (9) C(2)-0(2) 1.153 (9) 
C(3)-0(3) 1.152 (8) 
Fe(l)-Ag(l)-N(l) 85.9(1) Fe(l)-Ag(l)-N(2) 84.9(1) 
N(l)-Ag(l)-N(2) 122.5(2) Fe(l)-Ag(l)-P(3) 149.6(1) 
N(l)-Ag(l)-P(3) 110.4(1) N(2)-Ag(l)-P(3) 105.5(1) 
Ag(l)-Fe(l)-C(l) 64.4(2) Ag(l)-Fe(l)-C(2) 169.3(3) 
Ag(l)-Fe(l)-C(3) 75.4(2) C(l)-Fe(l)-C(2) 105.1(3) 
C(l)-Fe(l)-C(3) 139.7(3) C(2)-Fe(l)-C(3) 115.3(3) 
P(l)-Fe(l)-P(2) 173.4(1) Ag(l)-C(l)-Fe(l) 76.2(2) 
Ag(l)-C(l)-0(1) 113.4(4) Fe(l)-C(l)-0(1) 170.4(5) 
Fe(l)-C(2)-0(2) 178.9(6) Fe(l)-C(3)-0(3) 178.0(5) 
Fe(l)-P(l)-C(8) 114.1(2) Ag(l)-N(l)-C(8) 122.7(4) 
P(l)-C(8)-N(l) 114.4(4) Fe(l)-P(2)-C(25) 114.3(2) 
Ag(l)-N(2)-C(25) 122.4(4) P(2)-C(25)-N(2) 116.1(5) 
In view of the fact that the atomic radius of silver is 0.16 A longer than that of 
copper/25 the bond length and angles Ag-C(l) = 2.562(6) A, Ag( l ) -Fe( l ) -C( l )= 
64.4(2), Ag(l)-Fe(l)-C(3) = 75.4(2), Fe(l)-C(l)-0(1) = 170.4(5)�indicate hat the 
Ag(l) atom possibly has a semi-bridging interaction with one of the carbonyl groups, 
as discussed in the case of complexes 2.2.3 and 2.2.4. 
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Figure 2.2.3. Molecular structure and atom numbering [(CO)3Fe(|n-
Ph2Ppy)2Ag(Ph2Ppy)]^ in 2.2.4. Hydrogen atoms are omitted for clarity. The 
thermal ellipsoids are drawn at 35% probability level. 
Complex 2.2.7 consists of a packing of cations [(C0)3Fe(^i-Ph2Ppy)2Hg(H20) 
(OClO3)]+ (Fig. 2.2.4), anions ClO/, and CH3OH and H2O molecules in the crystal 
lattice. 
Table 2.2.5, Selected bond lengths (A) and angles (。）for 2.2.7. 
Hg(l)-0(1W) 2.290 (4) Hg(l)-0(4) 2.657 (5) 
Hg(l)-Fe(l) 2.545 (1) Hg(l)-N(l) 2.469 (5) 
Hg(l)-N(2) 2.423 (5) Fe(l)-C(l) 1.786 (4) 
Fe(l)-C(2) 1.772 (5) Fe(l)-C(3) 1.794 (4) 
Fe(l)-P(l) 2.278 (2) Fe(l)-P(2) 2.282 (2) 
C(l)-0(1) 1.148 (5) C(2)-0(2) 1.148 (7) 
C(3)-0(3) 1.139(5) 
0(lW)-Hg(l)-0(4) 75.9(2) 0(1W)-Hg(l)-Fe(l) 144.3(1) 
0(4)-Hg(l)-Fe(l) 139.8(1) Hg(l)-0(4)-Cl(l) 121.0(3) 
Hg(l)-Fe(l)-C(l) 81.1(2) Hg(l)-Fe(l)-C(2) 178.7(1) 
Hg(l)-Fe(l)-C(3) 81.6(2) C(l)-Fe(l)-C(2) 100.1(2) 
C(l)-Fe(l)-C(3) 162.6(2) C(2)-Fe(l)-C(3) 97.2(2) 
P(l)-Fe(l)-P(2) 170.8(1) Fe(l)-C(l)-0(1) 177.3(5) 
Fe(l)-C(2)-0(2) 178.3(5) Fe(l)-C(3)-0(3) 178.7(5) 
Fe(l)-P(l)-C(8) 115.9(2) Hg(l)-N(l)-C(8) 113.9(3) 
P(l)-C(8)-N(l) 116.9(4) Fe(l)-P(2)-C(25) 117.4(2) 
Hg(l)-N(2)-C(25) 115.7(3) P(2)-C(25)-N(2) 118.0(4) 
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The octahedral coordination environment about the Fe atom is similar to that in 
2.2.3-2.2.5, The trigonal bipyramidal coordination about Hg involves the tridentate 
organometallic ligand, an aqua ligand at 2.290(4) A, and a semi-coordinated 
perchlorate Hg-0 2.657(5) A. 
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Figure 2.2.4. Molecular structure and atom numbering [(CO)3pe(^-
Ph2Ppy)2Hg(H2O)(OClO3)]^ in 2.2.7. Hydrogen atoms are omitted for 
clarity. The thermal ellipsoids are drawn at 35% probability level. 
Complexes containing Fe-Hg bond have been extensively studied, and the Fe-Hg bond 
lengths for some related examples are listed in Table 2.2.6. 
Table 2.2.6. Fe-Hg bond distances in some related complexes. 
Complex Structural Formula Fe-Hg (A) ref 
a (CO)3Fea'h2Ppy)2Hg(SCN)2 2.648(1) 107a 
b (CO)3Fea%Ppy)2HgI2 2.678(1) 107b 
2.3.3 [(CO)3Fea"h2Ppym)2HgCl2h.2CH2Cl2.MeOH 2.653(1), 2.617(1) this work 
2.3.4 (CO)3FeCPh2Ppym)2HgBr2 2.632(3) this work 
2.3.5 (CO)3FeCPh2Ppym)2HgI2 2.664(2) this work 
2.3.6 (CO)3Fe(Pli2Ppym)2Hg(SCN)2 2.648(1) this work 
d Fe(CO)40^gClpy)2 2.553 143 
e [Fe(CO)4(HgCl)OlgCl2)r 2.516,2.560 144 
f Hg[Fe(CO_O)_3)l2 2.534 145 
h Fe(CO)4(HgBr)2 2.44，2.59 146 
I Fe(CO)4(HgSCN)2 2.506 147 
j (OC)3a^e3P)(Ph2MeSi)FeHgBr 2 . 5 1 5 1 4 8 
k Hg[Fe{Si(OMe)3XCO)3(dppm-P)]2 2.574,2.576 149 
1 Hg{Fe2CO(^3-COMe)(CO)7(Ti-C5H5)>2 2.727(1), 2.735(1) 150 
2.729(1)，2.726(1) 
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These compound can be classified into three types: (i) in complexes ( C O )3Fe(Ph2Ppy)2-
Hg(SCN)2,io7a (CO)3Fe(Ph2Ppy)2HgI2'''' and (CO)3Fe(Ph2Ppym)2 HgX2 (X = C1, Br, I 
and SCN) the Fe atom is in oxidation state zero and forms a donor bond to Hg; (ii) in 
complexes Fe(CO)4(HgClpy)2/'' [Fe(CO)4(HgCl)(HgCb)]-,4 Hg[Fe(CO)2(NO)-
(PEt3)]2,i45 Fe(CO)4(HgBr)2i46 and Fe(CO)4(HgSCN)2^'' the Fe atom is in formal 
oxidation state -2; and (iii) in complexes (OC)3(Me3P)(Ph2MeSi)FeHgBr^^^ and 
Hg[Fe{Si(OMe)3} (CO)3(dppm-P)]2''^ the Fe atom is in the oxidation state -1. The 
interaction between iron and mercury atoms in complexes (ii) and (iii) is best regarded 
as covalent rather than donor-acceptor bonding. In the pentanuclear cluster 
Hg{FhCO(^i3-COMe)(CO)7(ri-C5H5)hi5o each iron moiety bears a formal -1 charge, 
and the mercury atom is squarely coordinated by four equivalent iron atoms (see Table 
14). The Fe-Hg bonds could not be distinguished either as covalent or donor-acceptor 
in this case. However, the longer Fe-Hg bonds in the cluster may be due to a strong 
trans effect o f F e atoms on each other. 
In the organometallic cation [(C0)3Fe(^i-Ph2Ppy)2Hg(H20)(0C103)]+ of complex 
2.2.7, the Hg(II) atom is coordinated by a water molecule and weakly ligated by a 
perchlorate anion, and accordingly bears a formal +1 charge. In view of the donor-
acceptor character of the Fe-Hg bond, it is expected that the positive charge on the 
Hg(II) atom favors the formation of a stronger Fe-Hg bond. This expectation is 
supported by the fact that the Fe-Hg distance [2.545(1) A] in the cation [(CO)3Fe(n-
Ph2Ppy)2Hg(H2O)(OClO3)]^ is significantly shorter than those in the analogous neutral 
donor-acceptor complexes a, b, c and in the Fe-Hg cluster 1 (see Table 14). However, 
it is comparable to those in compounds d-k whose Fe-Hg bonds are classified as 
covalent. The effect of a positive charge on the donor-acceptor metal-metal bond 
distance is also observed in [(CO)2CpCo(HgCl)]Cl^^ as compared with 
[(CO)2CoCp(HgCl2)]"1 
The ionic character of the Hg(II) atom in complex 2.2.7 also has a great influence 
on the other coordination bonds and geometry of the complex: (i) the C-Fe-C angle 
adjacent to the Hg(II) atom in the [(C0)3Fe(^i-Ph2Ppy)2Hg(H20)(0C103)]+ cation 
[162.6(2)°] is much larger than those in complexes a [146.6(3)°] and b [149.6(1)。]， 
which is consistent with the shorter Fe-Hg distance in 2.2.7 and consequently a 
stronger repulsion interaction between carbonyl groups and the Fe-Hg bond pair in 
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2.2.7; (ii) the Hg-N distances in 2.2.7 [2.422(6) and 2.466(6) A] is much shorter than 
those in a [2.423(5) and 2.469(5) A] and b [2.658(2) and 2.731(2) A], being in 
agreement with the increased hardness of the Hg(II) atom in 2.2.7 as compared with a 
and b. However, the interaction between the Hg(II) atom and pyridyl groups in 
complexes a and b may be best regarded as secondary interaction between the 6p 
orbital ofHg(II) and 7i orbitals of the pyridyl rings.^^^ 
Table 2.2,7. Torsion angles (°) in five-membered metallacyclic rings for 
complexes 2.2.3-2.2.5 and 2.2.7. 
Complex 1 
Fe(l)-Cu(l)-N(l)-C(ll)-P(l) Fe( l)-Cu( 1 )-N(2)-C(2 8)-P(2) 
Fe(l)-Cu(l)-N(l)-C(ll) -16.0 Fe(l)-Cu(l)-N(2)-C(28) 9.8 
Cu(l)-N(l)-C(l 1)-P(1) -8.1 Cu(l)-N(2)-C(28)-P(2) 13.4 
N(1)-C(11)- P(l)-Fe(l) 33.7 N(2)-C(28)- P(2)-Fe(l) -35.0 
C(ll)-P(l)- Fe(l)-Cu(l) -34.1 C(28)-P(2)- Fe(l)-Cu(l) 31.7 
P(l)-Fe(l)-Cu(l)-N(l) 26.1 P(2)-Fe(l)-Cu(l)-N(2) -22.3 
Complex 2 
Fe(l)-Cii(l)-N(l)-C(8)-P(l) Fe( 1 )-Cu( l)-N(2)-C(25)-P(2) 
Fe(l)-Cu(l)-N(l)-C(8) -14.9 Fe(l)-Cu(l)-N(2)-C(25) 8.0 
Cu(l)-N(l)-C(8)-P(l) -3.7 Cu(l)-N(2)-C(25)-P(2) 10.1 
N(l)-C(8)- P(l)-Fe(l) 24.5 N(2)-C(25)- P(2)-Fe(l) -27.1 
C(8)-P(1)- Fe(l)-Cu(l) -26.2 C(28)-P(2)- Fe(l)-Cu(l) 24.7 
P(l)-Fe(l)-Cu(l)-N(l) 21.2 P(2)-Fe(l)-Cu(l)-N(2) -17.4 
Complex 3 
Fe(l)-Ag(l)-N(l)-C(8)-P(l) Fe�-Ag(l)-N(2)-C(25)-P(2) 
Fe(l)-Ag(l)-N(l)-C(8) -15.9 Fe�-Ag(l)-N(2)-C(25) 19.6 
Ag(l)-N(l)-C(8)-P(l) -8.4 Ag(l)-N(2)-C(25)-P(2) 1.8 
N(l)-C(8)- P(l)-Fe(l) 37.4 N(2)-C(25)- P(2)-Fe(l) -30.3 
C(8)-P(1)- Fe(l)-Ag(l) -39.3 C(28)-P(2)- Fe(l)-Ag(l) 36.0 
P(l)-Fe(l)-Ag(l)-N(l) 25.9 P(2)-Fe(l)-Ag(l)-N(2) -25.5 
Complex 4 
Fe(l)-Hg(l)-N(l)-C(8)-P(l) Fe(l)-Hg(l)-N(2)-C(25)-P(2) 
F e � - H g � - N ( l ) - C ( 8 ) -32.1 Fe(l)-Hg(l)-N(2)-C(25) -6.9 
H g � - N � - C ( 8 ) - P ( l ) 10.7 Hg(l)-N(2)-C(25)-P(2) -10.5 
N � - C ( 8 ) - P(l)-Fe(l) 20.9 N(2)-C(25)- P(2)-Fe(l) 27.5 
C(ll)-P(l)- Fe(l)-Hg(l) -36.1 C(28)-P(2)- Fe(l)-Hg(l) -25.2 
P(l)-Fe(l)-Hg(l)-N(l) 30.5 P(2)-Fe�-Hg(l)-N(2) 15.6 
Structure of[(CO)2Fe(Ph2Ppy-P,N)2](ClO4)r CH2Cl2 (2.2,8) 
The complex 2.2.8 crystallizes with discrete [(CO)2Fe(Ph2Ppy- P,N)2f\ClCV，and 
CH2Cl2 moieties packed in the crystal lattice. As displayed in Fig. 2.2.5, the 
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mononuclear organometallic [(CO)2Fe(Ph2Ppy-P,AO2]2+ cation contains a pair of 
strained planar four-membered chelate rings. 
Table 2.2.8. Selected bond lengths (A) and angles ( � ) for 2.2.8. 
Fe(l)-C(l) 1.788 (3) Fe(l)-C(2) 1.837 (2) 
Fe(l)-P(l) 2.253 (1) Fe(l)-N(l) 2.015 (2) 
？己⑴？⑵ 2.345 (1) Fe(l)-N(2) 2.004 (3) 
C(l)-0(1) 1.138(4) C(2)-0(2) 1.128(3) 
P(l)-C(7) 1.813 (3) N(l)-C(7) 1.365 (4) 
P(2)-C(24) 1.818 (4) N(2)-C(24) 1.361 (3) 
C(l)-Fe(l)-C(2) 91.3(1) C(l)-Fe(l)-P(l) 97.6(1) 
C(2)-Fe(l)-P(l) 93.1(1) C(l)-Fe(l)-N(l) 168.7(1) 
C(2)-Fe(l)-N(l) 91.2(1) P(l)-Fe(l)-N(l) 71.3(1) 
C(l)-Fe(l)-P(2) 93.4(1) C(2)-Fe(l)-P(2) 165.3(1) 
P(l)-Fe(l)-P(2) 100.1(1) N(l)-Fe(l)-P(2) 86.9(1) 
C(l)-Fe(l)-N(2) 95.2(1) C(2)-Fe(l)-N(2) 96.0(1) 
P(l)-Fe(l)-N(2) 164.1(1) N(l)-Fe(l)-N(2) 95.5(1) 
P(2)-Fe(l)-N(2) 69.7(1) Fe(l)-C(l)-0(1) 176.6(3) 
Fe(l)-C(2)-0(2) 178.4(3) Fe(l)-P(l)-C(7) 82.2(1) 
Fe(l)-N(l)-C(7) 104.0(2) P(l)-C(7)-N(l) 102.4(2) 
Fe(l)-P(2)-C(24) 80.7(1) Fe(l)-N(2)-C(24) 106.6(2) 
P(2)-C(24)-N(2) 102.8(2) 
.窗 
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Figure 2.2.5. Molecular structure and atom numbering c/5-[(CO)2Fe(Ph2Ppy-
P,AO2]^^ in 2.2.8. Hydrogen atoms are omitted for clarity. The thermal 
ellipsoids are drawn at 35% probability level. 
The iron(II) atom has a distorted octahedral configuration with the carbonyl groups 
occupy c/5-p0siti0ns, and the two four-membered chelate rings are each planar [sum of 
interior angles = 359.8 and 359.9°] and nearly mutually orthogonal [dihedral angle 
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85.6°]. The two carbonyl ligands are c/5-c00rdinated to the iron atom such that the P 
atom of one Ph2Ppy ligand is trans to the N atom of the other, and vice versa. The 
Fe(l)-C(2) [1.837(2) A] and Fe(l)-P(2) [2.345(1) A] bonds are significantly longer 
than Fe(l)-C(l) [1.788(3) A] and Fe(l)-P(l) [2.253(1) A], respectively, indicating that 
a strong trans effect is operative between P(2) and C(2)-0(2), but not between P(1) 
and N(2). The Fe(l)-N(l) [2.015(2) A] and Fe(l)-N(2) [2.004(3) A] bond distances 
are nearly equal despite the fact the C(l)-0(1) group is expected to exert some trans 
influence on the N(1) atom. The angular distortion in either metallocycle is similar to 
that in related complexes containing a single four-membered chelate ring, for example 
Ru(Ph2Ppy-P,AO(CO)2Cl2'' a n d [Pt(Ph2Ppy-P,AO(Ph2Ppy-P)Cl][Rh(CO)2CI2].'''' 
Apparently a coordination rearrangement about the newly-formed Fe(II) centre 
occurred in the course of oxidation of the Fe(0) species to the +2 state by ferric 
perchlorate, such that the stronger 71-acceptors take up cis ligand sites. To our 
knowledge the present complex is the first example of a first-row transition metal 
complex that incorporates two planar four-membered chelate rings involving P and N 
donor atoms. When the reaction is carried out in the presence of other metal-
containing species, relief of the angular strain in the mononuclear species through ring 
opening may lead to the format ion of a binuclear complex? 
I 
Conclusion 
Reaction of the neutral organometallic complex /raw5-(CO)3Fe(Ph2Ppy)2 with 
Cu(MeCN)4ClO4, Cu(C104)2.6H20, AgClO4, Hg2(ClO4)2.xH2O and Fe(C104)3.xHy3, 
respectively, led to the formation of hetero-bimetallic complexes 2.2.3-2.2.5, 2.2.7, 
and a mononuclear organometallic Fe(II) complex containing a pair of strained planar 
four-membered chelate rings, 2.2.8. In 2.2.3-2.2.5’ 2.2.7 /mm-(CO)3Fe(Ph2Ppy)2 acts 
as a neutral organometallic tridentate ligand, and in 2.2.3-2.2.5 a semi-bridging 
interaction exists between the Cu or Ag atom and one of the carbonyl groups, which 
may be important for the catalytic activity of this kind of compounds in the 
carbonylation of ethanol forming ethyl propionate according to the proposed 
mechanism]o7a The dative Fe—Hg bond distance in the cation [(CO)3Fe(|i-Ph2Ppy)2-
Hg(H2O)(OClO3)]+ of complex 2.2.7 is comparable to the covalent Fe-Hg distance in 
related complexes. 
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Other interesting findings in the present study are concerned with the reactivity of 
/raw5-(CO)3Fe(Ph2Ppy)2 (2.2.2): (i) reaction of 2.2.2 with Cu(ClO4)2.6H2O failed to 
yield the expected Fe(0)-Cu(II) complex and a Fe(0)-Cu(I) complex 2.2.3 was 
obtained instead; (ii) the complex 2.2.5 formed with an initial reduction of some Ag(I) 
by 2.2.2 to metallic silver; (iii) reaction of 2.2.2 and Fe(ClO4)3.JcH2O afforded a very 
unusual Fe(II) complex 2.2.8 via the oxidation of 2.2.2 by Fe(III). These results 
indicate that 2.2.2 is a strong reductant, so that it may be used to synthesize complexes 
that are difficult to prepare by the direct reaction of metal agents with Ph2Ppy, such as 
complex 2.2.8, which in turn may serve as a starting material for the generation of new 




2.3. Coordination Chemistry of a New Neutral OrganometalHc Tridentate 
Ligand fnms-(CO)3Fe(Ph2Ppym)2 (Ph2Ppym = 2-(diphenyIphosphino)-
pyrimidine) 
The previous section (2.2) describes the reaction of the neutral tridentate 
organometallic ligand /m"s-(CO)3Fe(Ph2Ppy)2 (2.2.2) with Cu(MeCN)ClO4, 
Cu(C104)2-6H20, AgClO4, Hg2(ClO4)2 and Fe(C104)3.xH20. Four heterobimetallic 
complexes containing a Fe(0)-Cu(I) (2.2.3, and 2.2.4), Fe(0)-Ag(I) (2.2.5) and 
Fe(0)-Hg(II) (2.2.7) as well as a mononuclear Fe(II) complex (2.2.8) bearing a pair of 
planar strained four-membered chelate rings have been synthesized from these 
reactions and structurally characterized. The results indicate that (i) complex 2.2.2 is a 
excellent precursor to prepare bimetallic complex containing a dative metal-metal bond 
and invariably acts in a tridentate mode when it forms bimetallic complexes with Cu(I), 
Ag(I) and Hg(II); (ii) complex 2.2.2 is a strong reductant, which can be oxidized by 
metal ions in high oxidation states to form Ph2Ppy chelate species as potential 
precursor to prepare other complexes containing metal-metal bond. In this section we 
discuss the preparation of a new phosphine bridging ligand, 2-
(diphenylphosphino)pyrimidine (Ph2Ppym), 2.3.1 and its iron tricarbonyl derivative ! 
&<my-(CO)3Fe(Ph2Ppym)2 2.3.2，and the reaction of 2.3.2 with HgX2 (X = C1, Br, I， 
SCN), CdX2 (X = C1, Br, I，SCN, ClO4) and various transition metal perchlorates. ‘ 
Here we adopt pyrimidine, a weaker base than pyridine, as a bridging ligand in order to 
study the influence of the basicity of the nitrogen atom on both the structures of the 
binuclear compounds and their catalytic activity. 
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2.3.1. Synthesis and Crystal Structure of trans-(CO)3Fe(Vh2Vpym)2 
Results and discussion 
Reaction of Ph2PLi, which was prepared by reaction 0fPh3P with lithium chips in 
thf, with 2-chloropyrimidine (c/ Scheme2.2.1) leads to the formation of a new 
pyridylphosphine ligand 2-(diphenylphosphino)pyrimidine (Ph2Ppym) 2.3.1. A new 
neutral organometallic tridentate ligand /raw5-Fe(CO)3(Ph2Ppym)2 2.3.2 is obtained 
from the reaction of2 .3 .1 with Fe(CO)5 and NaOH in good yield as shown in Scheme 
2.3.1. 
| ^ N ^ N 
^ N ^ C 1 � � N 人 P P ¾ 
2.3.1 
N ^ 
p \ jf I i 
P h O p ^ N ^ ！ 
Fe(CO)5 - ^ ^ - ^ ^ OC—“•.._•_CO 1 
00 On) I � c O ‘ 
P h " _ • _ . / V N � 
Ph N > ^ 
2.3.2 
Scheme 2.3.1. Syntheses of compound 2.3.1 and 2.3.2. Condition: (i) PhLi, thf, -5 °C, ca. 
1/2 h, then 45�C，ca. 4h; (ii) n-butanol, 2 5 � C , 1/2 h; (iii) reflux, 4 h. 
Synthesis and Spectroscopic Characterization 
The new phosphine ligand 2-(diphenylphosphino)pyrimidine, Ph2Ppym, 2.3.1 was 
prepared from reaction of Ph2PLi and 2-chloropyrimidine (eq. 2.3.1). When the thf 
solution of 2-chloropyrimidine was dropwisely added to the deep red thf solution of 
Ph2PLi which was prepared according to Scheme 2.2.1, the red color gradually faded 
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away and some white precipitate ofLiCl formed. After the reaction finished, the color 
o f the reaction system became to pale brown. 
r ^ ^ N Ph2Pli/tltf r ^ ^ N 
I • • 
^ > k - 5 � C ’ l / 2 h 45�C，4h > y \ 
N ^ ^ C 1 ^ N ^ P P h 2 
2.3.1 
eq. 2.2.1 
Attempts to extend this procedure to the synthesis of compounds A-D from a-d were 
unsuccessftil even at low temperatures e.g. -78，-100 °C. In all the cases, when the 
solution of a, b, c or d in thf was added dropwisely to the solution 0fPh2PLi in thf, the 
color of the reaction system became deep blue, and some white precipitate of LiCl 
formed. Finally, it afforded a highly colored, inseparable mixture of products. 
r ^ N > N ( ^ ^ ^ ^ N r^：==^ N 
^ N ^ P P h 2 ^ S ^ P P h , ^ ^ ^ ^ S ^ P P h , ^ ^ ^ 0 A p h 2 I 
A B C D ‘ 
r ^ N � N 1 < ^ ^ ^ N (^^^^^ N 
‘ N ; C 1 ^ S ^ B r k A s , C l ^ = ^ 0 ^ C 1 
a b c d 
Similar to the preparation of2.1.2 and 2.2.2，the new neutral organometalIic tridentate 
ligand /rims-Fe(CO)3(Ph2Ppym)2 2.3.2 was prepared from the reaction of phosphine 
ligand 2.3.1，NaOH with Fe(CO)5 in n-butanol (eq. 2.3.2). 
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^ N P h O p ^ N ^ 
Fe(CO)5 NaOHM-butanol ^ � N PP1^  ^ C - F e ' . . • • • _ ^ ^ 
^ 乃 25�C，l/2h reflux, 4h ^ ^ \ ^ C 0 
P h • • • • . . / V N � 




The IR spectra of 2.3.2 shows one intense carbonyl stretching absorption at v(CO) 
=1875 cm'i which implies that the local symmetry about the Fe atom is Dvt. A recent 
study has shown that the basicity of the metal atom in /ra^75-(CO)3Fe(R3P)2 depends 
linearly on the basicity of the phosphine ligand and the carbonyl stretching frequency 
v(CO).i8 The virtually identical v(CO) values of compound 2.3.2 and trans-
(CO)3Fe(Ph2Ppy)2 (1874 cm_i)io7a indicate that Ph2Ppym and Ph2Ppy have the same 
basicity, as do the Fe(0) atom in these two complexes, although pyrimidine has two 
basic nitrogen atoms and pyridine has only one. 
Structure of tram-(CO)3Fe{Ph2Ppm)2 (2.3.2) 
As illustrated in Fig. 2.3.1, the co-ordination environment about the iron atom 
may be best described as a FeP2C3 trigonal bipyramid with two phosphine ligands 
occupying axial positions and three carbonyl groups lying on the equatorial plane. The 
phenyl and pyrimidyl groups of each phosphine ligand are staggered with respect to the 
planar (CO)3Fe fragment, so that the molecule nearly attains idealized D^>h symmetry, 
which is consistent with the observed IR data. The Fe-P distances of 2 .202(2) and 
2.204(2) A are the same as those [2.202(1) and 2.206(1) A] found in trans-
(CO)3Fe(Ph2Ppy)2,"'' but the Fe-C distances of 1.748(8), 1.749(10) and 1.753(9) A 
are somewhat shorter than those found in /m^5-(CO)3Fe(Ph2Ppy)2 [av. 1.782 A]?�?*> 
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The P-Fe-P angle of 174.2(1)。，which is smaller than that found in trans-
( C O)3Fe(Ph2Ppy)2 [177.08(7)°], deviates significantly from linearity. Unlike trans-
(CO)3Fe(Ph2Ppy)2 in which the three C-Fe-C angle are all nearly 120。，in compound 
2.3.2 C(l)-Fe(l)-C(3) = 114.7(4)� is much smaller than the other two C-Fe-C angles 
[122.6(4)�]. 
Table 2.3.1. Selected bond lengths (A) and angles (。）for 2.3.2. 
Fe(l)-C(l) 1.746 (8) Fe(l)-C(2) 1.75(1)~~ 
Fe(l)-C(3) 1.754 (9) Fe(l)-P(l) 2.202 (2) 
？。…-?(!) 2.204 (2) C(l)-0(1) 1.16(1) 
C(2)-0(2) 1.17(1) C(3)-0(3) 1.16(1) 
？⑴-匸⑵ 1.831 (9) P(2)-C(23) 1.826 (6) 
CXl)-Fe(l)-C(2) 122.6(4) Ql)-Fe(l)-C(3) 114.7(4) 
C(2)-Fe(l)-C(3) 122.6(4) C(l)-Fe(l)-P(l) 90.3(2) 
C(2)-Fe(l)-P(l) 87.3(2) C(3)-Fe(l)-P(l) 92.6(2) 
C(l)-Fe(l)-P(2) 91.4(2) C(2)-Fe(l)-P(2) 87.2(2) 
C(3)-Fe�-P(2) 91.8(2) ？⑴不己⑴-？⑵ 174.2(1) 
Fe(l)-C(l)-0(1) 178.0(8) Fe(l)-C(2)-0(2) 176.8(7) 
Fe(l)-C(3)-0(3) 179.0(6) P(l)-C(7)-N(l) 117.1(5) 
P(l)-C(7)-N(2) 120.2(8) P(2)-C(23)-N(3) 118.3(4) 
P(2)-C(23)-N(4) 120.6(6) 
^#5： � , ^ ^ ^ � 2 
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Figure 2.3.1. Molecular structure and atom numbering of trans-{CO)^YQ-
(Ph2Ppym)2 2.3.2. H-atoms are omitted for the clarity. The thermal ellipsoids 
are drawn at the 35% probability level. 
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The pyrimidyl rings in 2.3.2 are differentiated from the phenyl rings on the basis of 
the thermal parameters of the nitrogen and carbon atoms, and also on the relevant 
bond distances and angles. 
2.3.2. Mono-, Di- and Tridentate Coordination Modes oUrans-
(CO)3Fe(Ph2Ppym)2 toward Mercury(II) Halide/Pseudohalide 
Results and discussion 
Reaction of /mw^-(CO)3Fe(Ph2Ppym)2 (2.3.2) with HgX2 (X = C1, Br, I，SCN) in 
CH2Cl2 at ambient temperature leads to the formation of {[(CO)3Fe(Ph2Ppym-
A^,A^')2HgCl2][(CO)3Fe(Ph2Ppym-A02HgCl2])-2CH2Cl2-0.5MeOH 2.3.3, [(CO)3Fe-
a'h2Ppym)2HgBr2] 2.3.4, [(CO)3Fe(Ph2Ppym)2HgI2] 2.3.5 and [(CO)3Fe(Ph2Ppym-
AO2Hg(SCN)2] 2.3.6，respectively as shown in Scheme 2.3.2. These complexes are air 
stable in solid state, but decomposed in solution after several days to give metallic 
mercury. 
N ^ N ^ Ph Ph *i 一 
P h O p ^ N ^ P h O b ^ ^ N ^ 
rn CO .•.._••� HgX2 , : OC——Fe^ 7^  • OC——Fe—HgX2 
� c o () | \ 
...p i u .p CO 
Ph•••••. J ^ y , N Ph••_•..y ^ N 
Ph I Ph 1 N ^ N ^ 
Scheme 2.3.2. Synthesis of (CO)3Fe(Ph2Ppym)2HgX2: 2.3.3 (X = C1), 2.3.4 (X = Br); 2.3.5 
(X = I)，2.3.6 (X = SCN). Condition-, (i) CH2Cl2, 25�C，1 h. 
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IR spectra 
The stretching frequencies of carbonyl groups ofcompounds 2.3.2-2.3.6 are listed 
in Table 2.3.2. The carbonyl stretching frequencies of all the four HgX2 adducts 
exhibit similar characteristics: the carbonyl stretching absorption band of the 
compound ^ra">Fe(CO)3(Ph2Ppymh (2.3.2) is split into three and shift to high 
frequencies which indicates that the local symmetry about Fe (0) center changes from 
A h to C2v in complexes 2.3.3-2.3.6 and the electron density on the Fe(0) is reduced. 
However, compounds 2.3.3-2.3.6 have almost same carbonyl stretching frequencies 
which indicates that the local symmetry of the Fe(0) atom and the Fe~>Hg donor-
acceptor bond in these four complexes are similar. 
Table 2.3.2. Infrared carbonyl absorption spectra for 2.3.2-2.3.6, 
Compound v(CO)/cm'^ 
rra">Fe(CO)3a"h2Ppym)2 2.3.2 1875 
[(CO)3Fea%Ppym)2HgCl2l2.2CH2Cl2.0.5MeOH 2.3.3 2031，1974，1895 
(CO)3Fea'h2Ppym)2HgBr2 2.3.4 2036，1976，1894 
(CO)3Fe(Ph2Ppym)2HgI2 2.3.5 2032, 1977, 1895 
(CO)3Fea^h2Ppym)2Hg(SCN)2 2.3.6 2041, 1977, 1896 
Structures of (CO)3Fe(Ph2Ppym)2HgX2 (X = Cl, Br, I, SCN) 2.3,3-2.3.6 
广〜 C27a 
• ^ ^ C28a g 
C25a® ffi N4a ^" f^:i5ir 
C32aQ ) | «^>^^"S"^^^ ;^C11� 
: S ^ : 
j ^ . ^Tf''^ 
^'''^ ^^KJc. 
C7a Figure 2.3.2. Molecular structure and atom numbering of [(CO)3Fe(Ph2Ppym-
AW)2HgCl2] 2.3.3a. H-atoms are omitted for the clarity. The thermal ellipsoids 
are drawn at the 35% probability level. 
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Figure 2.3.3. Molecular structure and atom numbering of [(CO)3Fe(Ph2Ppym-
7V)2HgCl2] 2.3.3b. H-atoms and one of the components of the disordered carbonyl 
group are omitted for the clarity. The thermal ellipsoids are drawn at the 35% 
probability level. 
As depicted in Fig. 2.3.2-2.3.5, all four complexes contain a heterobinuclear core and 
the 18-electron neutral complex /ra^-(CO)3Fe(Phi2Ppym)2 acts as a donor ligand 
toward the mercury(II) atom of HgX2 via an iron-mercury bond of length 
2.616(2)-2.652(2) A. A comparison of the Fe-Hg bond lengths in these compounds 
with those in related compounds in the literature is shown in Table 2.2.7. 
The C-Fe-C angle between the two carbonyl groups that are adjacent to the HgX2 
unit is enlarged to 146.5(4)-151.7(4)°, which is consistent with the expected repulsion 
by the Fe->Hg bond pair. The remote carbonyl group is nearly co-linear with the two 
metal atoms. However, the deviation of the mercury(II) atom from the FeC3 plane 
differs significantly for compounds 2.3.3-2.3.6, being 0.128(4)，0.128(4)，0.020(4), 
0.028(6) and 0.020(1) A, respectively. The Fe-P and Fe-C bond distances [av. Fe-P 
2.257(3) A in 2.3.3a，2.267(3) A in 2.3.3b, 2.258(6) A in 2.3.4, 2.260(4) A in 2.3.5 
and 2.266(2) A in 2.3.6; av. Fe-C 1.791(8) A in 2.3.3a，1.791(8) A in 2.3.3b，1.80(1) 
A in 2.3.4，1.81(1) A in 2.3.5 and 1.795(7) A in 2.3.6] are considerably longer than 
those found in /raw5-(CO)3Fe(Ph2Ppym)2 (1) [av. Fe-P, 2.203(2) A; Fe-C, 1.750(9) A] 
as the formation of the Fe~>Hg donor-acceptor bond in complexes 2.3.3-2.3.6 reduces 
the electron density on iron and consequently weakens these bonds. 
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Table 2.3.3. Selected bond lengths (A) and angles ( � ) for 2.3.3. 
Molecule 2.3.2a 
Hg(l)-Fe(l) 2.651 (2) Hg(l)-Cl(lA) 2.522 (3) 
H g � - C l ( 2 A ) 2.454 (3) Hg(l)-C(3A) 2.692 (8) 
Hg(l)-N(lA) 2.669 (8) Hg(l)-N(3A) 2.677 (9) 
？。…-?^ 2.257 (3) Fe(l)-P(2A) 2.257 (3) 
F e � - C ( l A ) 1.792 (7) Fe(l)-C(2A) 1.797 (9) 
Fe(l)-C(3A) 1.785 (8) C(1A)-0(1A) 1.154 (9) 
C(2A)-0(2A) 1.144(11) C(3A)-0(3A) 1.185(10) 
P(lA)-C(4A) 1.842 (9) P(2A)-C(8A) 1.842 (8) 
F e ( l ) - H g � - C l ( l A ) 129.7(1) F e � - H g � - C l ( 2 A ) 129.2(1) 
Cl(lA)-Hg�-a(2A) 101.1(1) F e � - H g � - N ( l A ) 87.3(2) 
C l ( l A ) - H g � - N ( l A ) 85.2(2) Cl(2A)-Hg(l)-N(lA) 100.7(2) 
C ( 3 A ) - H g � - N ( l A ) 79.5(2) Fe(l)-Hg(l)-N(3A) 86.0(2) 
Cl(lA)-Hg(l)-N(3A) 85.1(2) Cl(2A)-^^g�-N(3A) 97.7(2) 
C(3A) -Hg� -N(3A) 83.8(3) N(lA)-Hg(l)-N(3A) 160.6(2) 
!^⑴-？已⑴-卩‘！八） 92.1(1) H g ( l ) - F e � - P ( 2 A ) 95.6(1) 
P(lA)-Fe(l)-P(2A) 172.3(1) H g ( l ) - F e � - C ( l A ) 74.8(3) 
_ ) - F e ( l ) - C ( 2 A ) 177.2(3) H g ( l ) - F e � - C ( 3 A ) 71.7(3) 
C ( l A ) - F e � - C ( 3 A ) 146.5(4) C(2A)-Fe(l)-C(3A) 110.0(4) 
F e � - P ( l A ) - C ( 4 A ) 118.1(3) Fe� -P(2A)-C(8A) 116.9(3) 
Fe(l)-C(1A)-0(1A) 176.2(7) Fe(l)-C(2A)-0(2A) 179.0(7) 
H g � - C ( 3 A ) - 0 ( 3 A ) 109.7(6) Hg(l)-C(3A)-Fe(l) 69.2(2) 
F e � - C ( 3 A ) - 0 ( 3 A ) 178.8(7) P(lA)-C(4A)-N(lA) 117.9(6) 
Hg(l)-N(lA)-C(4A) 119.2(6) Hg(l)-N(3A)-C(8A) 120.0(6) 
P(2A)-C(8A)-N(3A) 117.9(7) P(2A)-C(8A)-N(4A) 119.3(7) 
Molecule 2.3.2b 
Hg(2)-Fe(2) 2.616(2) Hg(2)-CI(lB) 2.468 (3) 
Hg(2)-Cl(2B) 2.475 (3) Hg(2)-N(3B) 2.522 (8) 
Fe(2)-P(lB) 2.266 (3) Fe(2)-P(2B) 2.268 (3) 
Fe(2)-C(lB) 1.793 (8) Fe(2)-C(2B) 1.799 (8) 
Fe(2)-C(3B) 1.781(8) C(1B)-0(1B) 1.151 (10) 
C(2B)-0(2B) 1.158(10) C(3B)-0(3B) 1.105(10) 
P(lB)-C(4B) 1.814(8) P(2B)-C(8B) 1.887 (8) 
Fe(2)-Hg(2)-Cl(lB) 127.4(1) Fe(2)-Hg(2)-Cl(2B) 130.6(1) 
Cl(lB)-Hg(2)-Cl(2B) 101.9(1) Fe(2)-Hg(2)-N(3B) 89.6(2) 
Cl(lB)-Hg(2)-N(3B) 88.7(2) Cl(2B)-Hg(2)-N(3B) 93.6(2) 
P(lB)-Fe(2)-P(2B) 177.2(1) Hg(2)-Fe(2)-C(lB) 76.1(2) 
Hg(2)-Fe(2)-C(2B) 175.7(3) Hg(2)-Fe(2)-C(3B) 75.7(3) 
C(lB)-Fe(2)-C(2B) 100.2(4) C(lB)-Fe(2)-C(3B) 151.7(4) 
C(2B)-Fe(2)-C(3B) 108.1(4) Fe(2)-P(lB)-C(4B) 114.8(3) 
Fe(2)-P(2B)-C(8B) 118.0(3) Fe(2)-C(lB)-0(lB) 176.3(7) 
Fe(2)-C(2B)-0(2B) 178.9(9) Fe(2)-C(3B)-0(3B) 178.6(9) 
P(lB)-C(4B)-N(lB) 120.9(6) Hg(2)-N(3B)-C(8B) 118.7(5) 
P(2B)-C(8B)-N(3B) 115.8(6) 
The coordination geometry of the mercury(II) atom and ligation behaviour of the 
pyrimidyl groups in complexes 2.3.3-2.3.6 are of interest. In complex 2.3.3, there 
exist two crystallographically independent (CO)3Fe(Ph2Ppym)2HgCl2 molecules 
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(2.3.3a and 2.3.3b). In molecule 2.3.3a (Fig. 2.3.2) the Fe-Hg bond length is 2.652(2) 
A; the angle between the HgCb and FeC3 planes is 4.6。，i.e. the Fe(l), Hg(l) , Cl(la), 
Cl(2a), and C(la)-C(3a) atoms are approximately co-planar. The Hg-N distances are 
2.669(8) and 2.677(9) A, which are much longer than the average Hg-N distance 
(2.117 Ay53 found in mercury pyrimidyl complexes. However, according to the 
criterion of Grdenic'^^ and Canty'" that there is effective coordination between Hg and 
L when the condition D(Hg-L) < R(Hg) + R(L) (R = van der Waals radii) is fulfilled, 
the pyrimidyl nitrogen atoms in 2.3.3a can be considered to ligate the mercury(II) atom 
effectively since the Hg-N distances well meets this condition [R(Hg) = 1.73 A，R p ^ 
= 1 . 5 A].154-156 In addition, the N-Hg-N angle is 160.6(2)�and the dihedral angles 
between the HgX2 plane and each of the two pyrimidyl rings are 75.3° and 64.7°, 
respectively, so that the Hg atom is displaced by 0.189(5) A from the plane of one 
pyrimidyl ring ps[(lA)-C(4A)] and by 0.780(5) A from the other ps[(3A)-C(llA)]. 
The coordination pattern is similar to that in the analogous terpyridine compound 
[MeHg(Et3terpy)]NO3 [terpy = 2,2':6',2"-terpyridine],'' ' in which the mercury(II) 
atom is strongly bonded to one nitrogen donor at 2.26(2) A and loosely to the other 
two nitrogen atoms at 2.51(2) and 2.61(2) A, lying nearly in one pyridyl plane and out 
of the other two pyridyl planes by 0.886(1) A and 1.032(1) A, respectively. So the 
compound 1 acts likewise as a tridentate ligand. 
Another noteworthy feature of 2.3.3a is that one carbonyl group leans toward 
the mercury(II) atom [Hg(l)-Fe-C(la) = 74.8(3)。，Hg-Fe-C(3a) = 71.7(3)�]. The 
Hg( l ) -C(3a ) distance of 2.692(8) A is suggestive of a weak interaction between the 
mercury(II) atom and the carbonyl group, although it cannot be construed as a semi-
bridging bonding mode as in Cotton's description.'^^ 
In molecule 2.3.3b (Fig. 2.3.3)，the Fe-Hg bond length is 2.616(2) A which is 
0.036 A shorter than in 2.3.3a, and the dihedral angle between the HgCl2 and FeC3 
planes is 22.4°. The Hg(2)-N(3b) distance of2.522(8) A is significantly shorter than 
the corresponding value in 2.3.3a, and the mercury atom is displaced f rom the plane of 
the pyrimidyl ring by 0.62(4) A. The Hg—N distances involving the nitrogen atoms of 
the other pyrimidyl ring are 3.216(8) and 3.941(8) A，respectively, and the dihedral 
angle between the pyrimidyl rings is 96.7°. Thus the second pyrimidyl ring does not 
participate in coordination; however, there may still exist a secondary interaction 
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between its n orbital and the 6p orbital of Hg.'^ ^-'^ ^ In the present case compound 
2.3.3b acts as a bidentate ligand. Furthermore, the H g - C distances [Hg(2) -C( lB) , 
Hg(2)-C(3B)] of 2.794(8) and 2.778(8) A，and the Hg-Fe-C angles [HgC2)-Fe(2)-
C(lB), Hg(2)-Fe(2)-C(3B)] o f 7 6 . 1 ( 2 ) � a n d 75.7(3)°, respectively, indicate that no 
carbonyl group leans towards the mercury atom as observed in complex 2.3.3a. 
Table 2.3.4. Selected bond lengths (A) and angles ( � ) for 2.3.4 (X = Br) 
and 2.3.5 (X = I). 
Hg(l)-X(l) 2.579 (3) 2.755 (2)~~Hg(l)-X(2) 2.622 (3)~~~2.788 (2) 
Hg(l)-Fe(l) 2.633 (3) 2.665 (2) F e � - C ( l ) 1.76 (1) 1.79(1) 
Fe(l)-C(2) 1.81(1) 1.80(1) Fe(l)-C(3) 1.84 (1) 1.823 (9) 
Fe(l)-P(l) 2.259 (6) 2.260 (4) Fe(l)-P(2) 2.256 (6) 2.260 (4) 
C(l)-0(1) 1.15(1) 1.15(1) C(2)-0(2) 1.13(1) 1.15(1) 
C(3)-0(3) 1.09(1) 1.13(1) P(l)-C(7) 1.87 (1) 1.89 (1) 
P(2)-C(23) 1.91 (1) 1.88 (1) 
X(l)-Hg(l)-X(2) 109.0(1) 110.9(1) X(l)-Hg(l)-Fe(l) 128.5(1) 127.1(1) 
X(2 ) -Hg� -Fe ( l ) 122.5(1) 122.1(1) Hg(l)-Fe(l)-C(l) 177.7(4) 177.2(3) 
只呂⑴-？已⑴-匚⑵ 76.3(5) 76.3(4) !^⑴不已⑴-匚⑶ 74.5(5) 74.3(4) 
C(l)-Fe(l)-C(2) 105.9(6) 106.3(5) Ql)-Fe(l)-C(3) 103.3(6) 103.0(5) 
C(2)-Fe(l)-C(3) 150.8(7) 150.7(5) Hg(l)-Fe(l)-P(l) 91.3(2) 91.7(1) 
Hg(l)-Fe(l)-P(2) 91.7(1) 91.9(1) ？⑴-？㊁⑴-？⑵ 177.0(2) 176.2(2) i 
Fe(l)-C(l)-0(1) 177(1) 176.2(2) F e � - C ( 2 ) - 0 ( 2 ) 178(1) 177.7(9) 
？己⑴-匚⑶-。(]) 174(1) 177.0(9) ？。…-?。-(：(?) 117.8(4) 118.6(3) 
P(l)-C(7)-N(l) 116(1) 114.6(3) ？已⑴-卩⑵-匚(〗]) 118.4(5) 119.0(4) 
P(2)-C(23)-N(3) 117(1) 115.8(7) 
i 1, 
(CO)3Fe(Ph2Ppym)2HgBr2 2.3.4 (Fig. 2.2.4) and (CO)3Fe(Ph2Ppym)2HgI2 2.3.5 
(Fig. 2.2.5) are isostructural，with Fe-Hg distances of 2.632(3) and 2.665(2) A, 
respectively. In both complexes the mercury atom lies in the FeC3 plane with a 
deviation of 0.020(4) A for 2.3.4 and 0.028(6) A for 2.3.5. The dihedral angles 
between FeC3 and HgX2 planes are 2 5 . 8 � a n d 25.5° for X = Br (2.3.4)，and X = I 
(2.3.5), respectively. The interaction between mercury and nitrogen atoms seems to be 
more complicated: the Hg-N distances of 2.715(8) and 2.756(8) A in complex 3 and 
2.692(8) and 2.733(8) A in complex 2.3.4, respectively, well satisfy the condition Hg-
N < R(Hg) + ROSf) = 3.23 A, but the displacements of the mercury atom from the 
mean plane of individual pyrimidyl rings [1.448(5) and 1.596(8) A in 2.3.4; and 
1.502(5) and 1.560(5) A in 2.3.5，respectively] indicate that orbital overlap between 
the mercury and nitrogen atoms are not so efficient. Presumably there is only weak 
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interaction between the Hg and N atoms, and so compound 2.3.2 may be better 
regarded as a mono-dentate ligand in both 2.3.4 and 2.3.5. 
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Figure 2.3.4. Molecular structure and atom numbering of [(CO)3Fe(Ph2Ppym)2-
HgBr2] 2.3.4, H-atoms and one of the components of the disordered carbonyl group 
are omitted for the clarity. The thermal ellipsoids are drawn at the 35% probability 
level. 
The H g - C distances are 2.78(1) and 2.82(1) A in 2.3.4 and 2.79(1) and 2.84(2) A in 
2.3.5, respectively; the Hg-Fe-C angles are 74.5(5)° and 76.3(5)° in 2.3.4 and 74.3(4)� 
and 76 .3(4)� in 2.3.5, respectively. As is the case in complex 2.3.3b, no significant 
interaction exists between any carbonyl group and the mercury atom in either complex. 
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C26 ! 1 Figure 2.3.5. Molecular structure and atom numbering of [(CO)3Fe(Ph2Ppym)2HgI2] ！ 
2.3.5, H-atoms and one of the components of the disordered carbonyl group are 
omitted for the clarity. The thermal ellipsoids are drawn at the 35% probability level. 
Table 2.3.5. Selected bond lengths (A) and angles (。）for 2.3.6. 
I' 
Hg(l)-S(l) 2.546 (2) 拖⑴-呂⑵ 2.523 (6) [„ 
Hg(l)-Fe(l) 2.649 (1) Hg(l)-C(l) 2.709 (6) 
Hg(l)-N(l) 2.628 (6) Fe(l)-C(l) 1.798 (8) 
Fe(l)-C(2) 1.812(7) Fe(l)-C(3) 1.776 (7) 
Fe(l)-P(l) 2.256 (2) Fe(l)-P(2) 2.276 (2) 
C(l)-0(1) 1.141(9) C(2)-0(2) 1.135(9) 
C(3)-0(3) 1.149(8) P(l)-C(9) 1.851 (6) 
P(2)-C(25) 1.847 (6) 
S(l)-Hg(l)-S(2) 109.1(1) S(l)-Hg(l)-Fe(l) 127.2(1) 
S(2)-Hg(l)-Fe(l) 122.8(1) S(l)-Hg(l)-C(l) 162.5(2) 
S(2)-Hg�-CXl) 83.7(2) Fe(l)-Hg(l)-C(l) 39.2(2) 
S(l)-Hg(l)-N(l) 97.4(1) S(2)-Hg(l)-N(l) 93.5(2) 
Fe(l)-Hg(l)-N(l) 88.7(1) Hg(l)-S(l)-C(4) 103.2(3) 
Hg(l)-S(2)-C(5) 104.8(8) Hg(l)-Fe(l)-C(l) 72.2(2) 
Hg(l)-Fe(l)-C(2) 75.5(2) Hg(l)-Fe(l)-C(3) 177.1(3) 
C(l)-Fe(l)-C(2) 147.7(3) C(l)-Fe(l)-C(3) 105.0(3) 
C(2)-Fe(l)-C(3) 107.2(3) Hg(l)-Fe(l)-P(l) 92.5(1) 
拖⑴不已⑴-？⑵ 94.7(1) Hg(l)-C(l)-0(1) 115.5(5) 
Fe(l)-C(l)-0(1) 175.8(6) Fe(l)-C(2)-0(2) 176.4(6) 
Fe(l)-C(3)-0(3) 179.0(7) Fe(l)-P(l)-C(9) 116.8(2) 
Hg(l)-N(l)-C(9) 116.9(5) P� -C(9) -N(1) 117.1(5) 
Fe(l)-P(2)-C(25) 115.7(2) P(2)-C(25)-N(3) 114.1(6) 
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In complex 2.3.6 (Fig. 2.3.6)，the Fe-Hg bond distance is 2.649(1) A which is the same 
as that in (CO)3Fe(Ph2Ppy-AO2Hg(SCN)2.'''^ The Hg."N distances of 2.628(6) and 
2.927(6) A are somewhat longer than those in (CO)3Fe(Ph2Ppy-AO2Hg(SCN)2 
[2.595(6), 2.867(6) A]/�?^ which may be attributed to the fact that pyrimidine is a 
weaker base than pyridine. A comparison of the displacements of the mercury atom 
from the plane of each of the pyrimidyl rings [0.878(5), 2.209(5) A] indicates that one 
pyrimidyl group coordinates efficiently to the mercury atom, but the other only 
interacts weakly with it. Thus in this case compound 2.3.2 acts as a bidentate ligand as 
in molecule 2.3.3b. 
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Figure 2.3.6. Molecular structure and atom numbering of [(CO)3Fe(Ph2Ppym-
AO2Hg(SCN)2] 2.3.6. H-atoms and one of the components of the disordered carbonyl 
group are omitted for the clarity. The thermal ellipsoids are drawn at the 35% 
probability level. 
In complex 2.3.6, the H g � C distances are 2.709(6) and 2.812(6) A and the Hg-Fe-C 
angles are 72.2(2) and 75.5(2)°, respectively, which are similar to those found in the 
related complex (CO)3Fe(Ph2Ppy-AO2Hg(SCN)2 [ H g � C 2.709(6), 2.750(6) A; Hg-Fe-
C 72.2(2)，74.4(3)o].io7a 八 weak interaction exists between the mercury atom and one 
carbonyl group, as observed in molecule 2.3.3a. 
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The X-ray crystal structures of the four bimetallic compounds show that the 
nature o f t h e anion has little influence on the Fe~>Hg bond length, but greatly affects 
the coordination behaviour of the neutral organometalIic ligand trans-
(CO)3Fe(Ph2Ppym)2 (2.3.2) to mercury(II). In complex 2.3.3, ligand 2.3.2 acts as 
tridentate and bidentate ligands in two independent molecules. In complex 2.3.6, 
compound 2.3.2 acts as a bidentate ligand as in 2.3.3b. In complexes 2.3.4 and 2.3.5, 
compound 2.3.2 acts as a mono-dentate ligand as only a weak interaction exists 
between mercury(II) and the pyrimidyl nitrogen atoms. It is believed that the metal-
metal bond in these complexes is formed mainly by electron donation from the Fe(0) 
atom to the Hg(II) atom, and not effected by the rigidity requirement o f t h e bridging 
ligand. 
In molecule 2.3.3a and 2.3.6，one carbonyl group leans towards the mercury 
atom, and there is some weak interaction between them. Such interaction may be 
important for the catalytic activity of this type of compound in the carbonylation of | 
ethanol forming ethyl propionate according to the proposed mechanism of the catalytic ‘ 
reaction.io7a 丨 
！ 
From Table 2.2.6，it is seen that the Fe-Hg distances in the complexes 2.3.3-
2.3.6 are similar to those in (CO)3Fe(Ph2Ppy-A02Hg(SCNV�7a and (CO)3Fe(Ph2Ppy)- i 
2Hgl2，i�7b ut longer than those in Fe(CO)4(HgClpy)2,''' [Fe(CO)4(HgCl)(HgCl2)]";'' 1 
Hg[Fe(CO)2(NO)(PEt3)k"5 Fe(CO)4(HgBr)2,M6 Fe(CO)4(HgSCN)2j47 (OC)3(Me3P)- L 
(Ph2MeSi)FeHgBr,i48 and Hg[Fe{Si(OMe)3}(CO)3(dppm-P)]2'^' in which the Fe-Hg 
bond is best regarded as covalent rather than donor-acceptor. However, they are 
shorter than those [2.726(1)-2.735(1) A] found in [Hg{FeCO(^i3-COMe)(CO)7(Ti-
0：5氏)}]2.〗5。 
Normally, a bond will be formed, according to Pearson's acid-base theory,'^® 
when the Lewis-acid strength of the electron acceptor is close to the Lewis-base 
strength of the electron donor. The ligand will be deformed to adjust its base strength 
in order to match the acid strength of the metal, otherwise the bonding is unfavourable 
when the difference between the acid strength and base strength is large. On the other 
hand, the co-ordination of a ligand to a metal centre will change the acid strength of 
the metal ion, such that the strength will be reduced if the base strength of the ligand 
is high, and vice versa}^^ Since mercury(II) is a soft acid and the hardness of Lewis 
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bases C1', Br" and 1" varies in the order C1' > Br' > F, the softness ofmercury(II) in the 
HgX2 moiety increases in the order HgCl2 < HgBr2 < HgI2. When the organometallic 
tridentate ligand /ra"5KCO)3Fe(Ph2Ppym)2 coordinates to HgX2, the difference A of 
the base strength of the pyrimidyl nitrogen atom and the acid strength of the 
mercury(II) atom increases in the order 2.3.3 < 2.3.4 < 2.3.5. Based on the molecular 
structures of2.3.3-2.3.5, A takes a critical value in compound 2.3.3 since it allows the 
mercury(II) atom to co-ordinate with either one pyrimidyl nitrogen atom or two. With 
increasing A it is expected that the bonding interaction between nitrogen and mercury 
will be reduced, which is consistent with the coordination modes in complexes 2.3.3-
2.3.5. The behaviour of the SCN" anion is an anomaly. Generally the softness ofSCN" 
is similar to that of I', but it behaves like C1' in this series of complexes, and its 






This work has shown that the new organometallic complex trans- | 
(CO)3Fe(Ph2Ppym)2, similar to terpyridine, can act as a mono-, bi-, or tridentate ligand 
towards HgX2 (X = C1, Br, I, SCN). The Fe-Hg metal-metal bond in the complexes 
2.3.3-2.3.6 is mainly formed by direct electron donation from Fe(0) to Hg(II), but not 
effected by the rigidity requirement of the bridging ligand. Modification of the i| 
molecular structure by the use of different halide/pseudohalide anions is attributed to “ 
the difference of the acid strength of mercury(II) and the base strength of the nitrogen 
atoms from the bridging ligand. 
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2.3.3. Synthesis and Crystal Structures ofComplexes Containing an Fe~>Cd 
Donor-Acceptor Bond Formed by Reaction of "<my-(CO)3Fe(Ph2Ppym)2 
with CdX2 (X = CI, Br, I，SCN, CIO4) 
Results and Discussion 
Reaction of /ramvFe(CO)3(Ph2Ppym)2 (2.3.2) with CdCb.HzO，CdBr2, CdI2, 
Cd(SCN)2 and Cd(C104)2.xH20 at a molar ratio of 1:1 led to the formation of 
heterobimetallic complexes containing a dative Fe(0)~>Cd(II) bond: [(CO)3Fe(^-
Ph2Ppym)2CdCl2]2.O.5CHCl3.2.5thf 2.3.7, [(CO)3Fe(^-Ph2Ppym)2CdBr2]-2CH2Cl2, 
2.3.8 [(CO)3Fe(^-Ph2Ppym)2Cdl2] 2.3.9，[(CO)3Fe(^i-Ph2Ppym)2Cd(NCS)2].2CH2Cb, 
2.3.10 and [(C0)3Fe(^i-Ph2Ppym)2Cd(CH3CN)(H20)]-2C104'1.5CHCl3, 2.3.11 
respectively as shown in Scheme 2.3.3 and 2.3.4. ； 
f 
I 
i i i 
N ^ N ^ 丨 Ph Ph ； 
P h ^ A N ^ P h ^ / ^ N ^ 
I ..__••CO cdX2 | , C 0 
OC——Fe 7T • O C — — F e - ^ C d X 2 
I � c o (') | \ 
.p LU p CO 
PhZ•/ \ ^ N Ph•••_..7 N ^ N 
Ph I Ph 丨 
N ^ N ^ 丨 
••»" 
Scheme 2.3.3. Synthesis of(CO)3Fe(fa-Ph2PpymhCdX2: 2.3.7 (X = C1), 2.3.8 (X 二 Br); 2.3.9 
(X = I)，2.3.10 (X 二 SCN). Condition: (i) CHCI3 for 2.3.7; CH2Cl2 for 2.3.8-2.3.10, ca. 25 
°C, 2 h. 
N ^ N ^ 
Ph [ I Ph__ f I 
P h O p / ^ N ^ P h O p / ^ N ^ 
P .C0 -CO .,_•_OH2 ^ ^ ,^..•__•• Cd(CIQ4)2-xH20 r . , — - . . . . 
OC Fe j~� • OC F e ~ ~ • C d 
I � c o (') | \ \ 
.p LU .,p CO � N C M e 
Ph•‘•••."J > N Ph"••._•/ ^ N Ph Ph N ^ N ^ 
Scheme 2.3.4. Synthesis of [(C0)3Fe(^-Ph2Ppym)2CdflSfCMe)(H20)](C104)2, 2.3.11. 
Conditions-, (i) CH2Cl2, MeCN, ca. 25 °C, 2h. 
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IR spectra 
The stretching frequencies of carbonyl groups of compounds 2.3.7-2.3.11 are 
listed in Table 2.3.6. The IR spectra ofcompounds 2.3.7-2.3.11 exhibit three terminal 
carbonyl stretching vibration frequencies v(CO) and no bridging carbonyl stretching 
vibration frequencies are observed. However, the v(CO) of compounds 2.3.7-2.3.11 
are somewhat lower than those o f the compounds (CO)3Fe(Ph2Ppym)2HgX2 (X = C1, 
Br, I，SCN) (c / Table 2.3.1) which are consistent with the fact that Cd(II) is a 
stronger Lewis-acid than Hg(II). On the other hand, different halide/pseudohaIide 
anions X (X = C1, Br, I，NCS) have little influence on the v(CO) of2.3.7-2.3.10, but 
the higher v(CO) of the compound 2.3.11 indicates that the Fe~>Cd donor-acceptor 
bond in 2.3.11 is stronger than those in 2.3.7-2.3.10, i 
I I I ! Table 2.3.6. Infrared carbonyl absorption spectra for 2.3.7-2.3.11, | 
t 
Compound v(CO)/cm"' ‘ 
[ ( C O ) 3 F e ( f i - P l i 2 P p y m ) 2 C d C l 2 ] 2 . 0 . 5 C H C l 3 . 3 t h f 2 . 3 . 7 2 0 1 4 ， 1 9 3 4 ’ 1 8 9 5 | 
[ ( C O ) 3 F e ( ^ i - P l i 2 P p y m ) 2 C d B r 2 ] . 2 C H 2 C l 2 2 . 3 . 8 2 0 1 5 , 1 9 3 6 , 1 8 9 6 j 
( C O ) 3 F e ( ^ - P h 2 P p y m ) 2 C d l 2 2 . 3 . 9 2 0 1 8 ， 1 9 3 4 ， 1 8 9 6 
[ ( C O ) 3 F e ( | A - P l i 2 P p y n i ) 2 C d ( N C S ) 2 l . 2 C H 2 C l 2 2 . 3 . 1 0 2 0 1 5 ， 1 9 3 8 , 1 8 9 2 
[(CO)3Fe(^ -Ph2Ppym)2Cd0vleCN)(H2O)] | 
.2ClO4. l.5CH2Cl2 2 . 3 . 1 1 2024，1939，1899 |;； 
I 
W 
Structures of 2. J. 7, 2, J. 8，2. J. 9 and 2.又 10 
Complexes 2.3.7-2.3.10 each contains a discrete neutral molecule [(CO)3Fe(^i-
Ph2Ppym)2CdX2], with X = C1, Br, I，NCS, respectively. The complex 2.3.7 contains 
co-crystallized solvent molecules of CHCl3 and tetrahydrofuran (thf) in the molar ratio 
of2:V2:2V2. There are two nearly identical independent [(CO)3Fe(|i-Ph2Ppym)2CdCl2: 
molecules, 2.3.7a (Fig. 2.3.7) and 2.3.7b (Fig. 2.3.8), in the asymmetric unit. 
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C26 C27 
( ^ " • ^ C22 
麵 。^^^ ⑴^ 
" W i ^ T ^ " 
' W - . r ^ ^ ^ c s 
® / c 9 C6 C10 i 
i 
I 
Figure 2.3.7. Molecular structure and atom numbering of [(CO)3Fe()a- | 
Ph2Ppym)2CdCl2] 2.3.7a in 2.3.7. H-atoms are omitted for the clarity. The I 
thermal ellipsoids are drawn at the 35% probability level. | 
C10' C9' ； 
^ ^ ? i 
^ 02' � ’ i ^ 崩 ⑴ ‘ � 3 . ! l f t C 
" 2 . I S y r ^ . V -
C 2 7 ' ^ ^ 2 5 ' 
C26' 
Figure 2.3.8. Molecular structure and atom numbering of [(CO)3Fe(^i-
Ph2Ppym)2CdCl2] 2.3.7b in 2.3.7. H-atoms are omitted for the clarity. The 
thermal ellipsoids are drawn at the 35% probability level. 
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Table 2.3.7. Selected bond lengths (A) and angles (。）for 2.3.7. 
Molecule 2.3.7a 
Cd(l)-N(l) 2.415(7) Cd(l)-N(3) 2.415(7) 
Cd(l)-Cl(l) 2.458(2) Cd(l)-Cl(2) 2.477(3) 
Cd(l)-C(l) 2.725(8) Cd(l)-Fe(l) 2.818(1) 
Fe(l)-C(3) 1.800(9) 卩㊁⑴-匸⑴ 1.808(9) 
Fe(l)-C(2) 1.813(9) Fe(l)-P(l) 2.238(2) 
？已⑴-？⑵ 2.243(2) C(l)-0(1) 1.13(1) 
C(2)-0(2) 1.14(1) C(3)-0(3) 1.123(9) 
N(l)-Cd(l)-N(3) 171.0(2) N(l)-Cd(l)-Cl(l) 93.2(2) 
N(3)-Cd(l)-Cl(l) 94.2(2) N(l)-CcKl)-Cl(2) 91.2(2) 
N(3)-Cd(l)-CI(2) 91.5(2) CI(l)-Cd(l)-CI(2) 106.6(1) 
N(l)-Cd(l)-Fe(l) 86.3(2) N(3)-Cd(l)-Fe(l) 85.3(2) 
Cl(l)-Cd(l)-Fe(l) 125.8(1) Cl(2)-Cd(l)-Fe(l) 127.7(1) 
C(3)-Fe(l)-C(l) 111.0(4) C(3) -Fe� -C(2) 107.7(4) 
CXl)-Fe(i)-C(2) 141.3(4) 匸⑶-？已⑴-卩⑴ 86.5(3) 
CXi)-Fe(l)-P(l) 90.8(3) C(2)-Fe(l)-P(l) 90.6(2) 
C(3)-Fe(l)-P(2) 89.2(3) C ( l ) -Fe� -P (2 ) 92.7(3) 
匚⑵-？已⑴？⑵ 88.6(2) 卩⑴不已⑴-卩⑵ 175.2(1) 
C(3)-Fe(l)-Cd(l) 177.6(3) C(l)-Fe(l)-Cd(l) 68.2(2) 
C(2)-Fe(l)-Cd(l) 73.1(3) 0(1)-C(l)-Fe(l) 175.3(7) ! 
0(2)-C(2)-Fe(l) 176.0(8) 0(3)-C(3)-Fe(l) 178.6(8) ！ 
0(1)-C(l)-Cd(l) 110.5(6) Fe(l)-C(l)-Cd(l) 73.8(3) | 
匸⑵-？⑴-？巳⑴ 116.8(3) C(7)-N�-Cd(l) 126.2(5) [. 
N(l)-C(7)-P(l) 118.5(6) C(23)-P(2)-Fe(l) 115.5(3) 
C(23)-N(3)-Cd(l) 127.5(5) N(3)-C(23)-P(2) 118.0(5) 
Molecule 2.3.7b ； 
Cd(l')-N(3') 2.401(7) Cd(l>N(l ') 2.405(7) ’ 
Cd(l')-Cl(2') 2.470(2) Cd(l')-Cl(l') 2.476(3) ’ 
Cd(l')-Fe(l') 2.810(2) Fe(l.)-C(l_) 1.791(9) || 
Fe(l')-C(3') 1.795(9) Fe(l')-C(2') 1.800(9) [ � 
Fe(l')-P(l') 2.242(2) Fe(l')-P(2') 2.244(2) ^ 
c ( r ) - o ( r ) 1.16(1) C(2')-o(2') u 4 3 ( 9 ) 
C(3,)-0(3,) 1.14(1) 
N(3')-Cd(r)-N(r) 174.0(2) N(3')-Cd(l>Cl(2') 90.1(2) 
N(r)-Cd(l')-Cl(2') 92.1(2) N(3')-Cd(l')-Cl(r) 94.3(2) 
N(r) -Cd(n-Cl( r ) 90.5(2) Cl(2')-Cd(l')-Cl(r) 106.8(1) 
N(3')-Cd(l')-Fe(l') 87.1(2) N(l')-Cd(l')-Fe(l') 87.2(2) 
Cl(2,)-Cd(r)-Fe(l_) 130.4(1) Cl(l')-Cd(l')-Fe(l') 122.9(1) 
C(l_)-Fe(l')-C(3_) 105.5(4) C(l')-Fe(l')-C(2') 145.8(4) 
C(3')-Fe(l')-C(2') 108.7(4) C(r)-Fe(l')-P(l') 90.0(3) 
C(3')-Fe(l')-P(l') 89.8(2) C(2')-Fe(l')-P(l') 88.5(3) 
C(l')-Fe(l')-P(2') 91.2(3) C(3')-Fe(r)-P(2') 88.8(2) 
C(2')-Fe( 1 ')-P(2') 91.1 (3) P( 1 >Fe( 1 ')-P(2') 178.3(1) 
C(l')-Fe(l')-Cd(l') 73.5(3) C(3')-Fe(l')-Cd(l') 179.0(3) 
C(2')-Fe(l')-Cd(l') 72.3(3) P(l')-Fe(l')-Cd(l') 90.5(1) 
P(2>Fe(l')-Cd(l') 91.0(1) 0(1')-C(l')-Fe(l') 174.9(7) 
0(2')-C(2')-Fe(l') 175.4(7) 0(3')-C(3')-Fe(l') 178.4(8) 
C(7')-P(l')-Fe(l') 115.7(3) C(7')-N(l')-Cd(l') 124.3(5) 
N(l')-C(7')-P(l') 117.1(6) C(23')-P(2')-Fe(l') 116.9(3) 
C(23')-N(3')-Cd(l') 126.0(5) N(3')-C(23')-P(2') 118.1(6) 
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Complex 2.3.8 and 2.3.10 each crystallizes with two molecules of CH2Cl2, 
together with the bimetallic molecule [(CO)3Fe(^i-Ph2Ppym)2CdBr2] (Fig. 2.3.9) and 
[(CO)3Fe(^i-Ph2Ppym)2Cd^4CS)2] (Fig. 2.3.11), respectively. Complex 2.3.9 is 
isomorphous with [(CO)3Fe(Ph2Ppym)2HgI2] (2.3.5) and contains only the discrete 
molecule [(CO)3Fe(Ph2Ppym)2CdI2] (Fig. 2.3.10). 
Table 2.3.8. Selected bond lengths (A) and angles (。）for 2.3.8. 
Cd(l)-Br(l) 2.600 (1) Cd(l)-Fe(l) 2.788 (2) 
Cd(l)-N(l) 2.440 (5) Fe(l)-C(l) 1.793 (9) 
？。…-。(!） 1.77 (1) Fe(l)-P(l) 2.237 (2) 
C(l)-0(1) 1.15(1) C(2)-0(2) 1.19(2) 
Br(l)-CcKl)-Fe(l) 124.9(1) Br(l)-Cd(l)-N(l) 97.6(2) 
Fe(l)-Cd(l)-N(l) 84.9(1) Br(l)-Cd(l)-Br(la) 110.1(1) 
Br(l)-Cd(l)-N(la) 88.2(2) N(l)-Cd(l)-N(la) 169.9(3) 
Cd(l)-Fe(l)-C(l) 73.2(3) Cd(l)-Fe(l)-C(2) 180.0(1) 
CXl)-Fe(l)-C(2) 106.8(3) Cd(l)-Fe(l)-P(l) 87.6(1) 
C(l)-Fe(l)-C(la) 146.4(5) Cd(l)-Fe(l)-P(la) 87.6(1) 
C(2)-Fe(l)-P(la) 92.4(1) P(l)-Fe(l)-P(la) 175.3(1) 
Fe(l)-C(l)-0(1) 175.1(7) Fe(l)-C(2)-0(2) 180.0(1) 
Fe(l)-P(l)-C(6) 113.9(2) Cd(l)-N(l)-C(6) 122.0(5) 
P(l)-C(6)-N(2) 116.7(6) 
Symmetry code: a) l-x, y, '/2-z. 
C9 
C ^ ^ " 
C 1 5 | | ^ " ^ ^ j ^ 2 N ^ ( 4 
� ^ ^ ^ B � 1 � 
cL ^ 01 N l o | \ c 3 o e:>^^^f;r ^ ¾ < 
� 4 � C1^i 
C9a C8a 
Figure 2.3.9. Molecular structure and atom numbering of [(CO)3Fe(|i-
Ph2Ppym)2CdBr2] in 2.3.8. H-atoms are omitted for the clarity. The thermal 
ellipsoids are drawn at the 35% probability level. 
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Table 2.3.9. Selected bond lengths (A) and angles (°) for 2.3.9. 
Cd(l)-I(l) 2.792 (1) Cd(l)-I(2) 2.767 (1) 
Cd(l)-Fe(l) 2.753 (2) Cd(l)-N(l) 2.510(9) 
Cd(l)-N(3) 2.56(1) Fe(l)-C(l) 1.81(1) 
F e � - C ( 2 ) 1.83(1) F e � - C ( 3 ) 1.78(1) 
Fe(l)-P(l) 2.228 (3) Fe(l)-P(2) 2.237 (3) 
C(l)-0(1) 1.13(1) C(2)-0(2) 1.10(1) 
C(3)-0(3) 1.15(1) 
I(l)-Cd(l)-I(2) 109.1(1) I(l)-Cd(l)-Fe(l) 123.4(1) 
I(2)-Cd(l)-Fe(l) 127.5(1) I(l)-Cd(l)-N(l) 89.1(2) 
I(2)-Cd(l)-N(l) 95.7(2) F e � - C d ( l ) - N ( l ) 85.6(2) 
I(l)-CcKl)-N(3) 95.8(2) I(2)-Cd(l)-N(3) 89.7(2) 
FeW-Cd(l)-N(3) 85.4(2) N(l)-Cd(l)-N(3) 171.0(3) 
Cd(l)-Fe(l)-C(l) 74.0(4) Cd(l)-Fe(l)-C(2) 72.0(3) 
C d ( l ) - F e � - C ( 3 ) 176.6(3) Ql)-Fe(l)-C(2) 146.0(5) 
Ql)-Fe(l)-C(3) 109.5(5) C(2)-Fe(l)-C(3) 104.6(5) 
P(l)-Fe(l)-P(2) 176.6(1) Fe(l)-C(l)-0(1) 176(1) 
Fe(l)-C(2)-0(2) 175(1) Fe(l)-C(3)-0(3) 178(1) 
？己⑴-？⑴-匚(?） 117.2(3) Cd(l)-N(l)-C(7) 119.9(7) 
？⑴-匸⑵-！^⑴ 116.6(8) Fe(l)-P(2)-C(23) 117.6(4) 
Cd(l)-N(3)-C(23) 121.2(8) P(2)-C(23)-N(3) 117.0(8) 
C26 C25 C2>f^ :^ 4-
C 3 3 ^ ^ f ^ 1 糧‘。 1 ^ ^ : : "•^K"M'= 
C10 C6 
Figure 2.3.10. Molecular structure and atom numbering of [(CO)3Fe(|i-
Ph2Ppym)2CdI2] 2.3.9. H-atoms are omitted for the clarity. The thermal 
ellipsoids are drawn at the 35% probability level. 
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Table 2.3.10. Selected bond lengths (A) and angles ( � ) for 2.3.10. 
Cd(l)-Fe(l) 2.704 (1) Cd(l)-N(5) 2.204 (5) 
Cd(l)-N(6) 2.198 (5) Cd(l)-N(l) 2.417(4) 
Cd(l)-N(3) 2.393 (4) Fe(l)-P(l) 2.241 (1) 
Fe(l)-P(2) 2.247 (1) Fe(l)-C(l) 1.804 (5) 
F e � - C ( 2 ) 1.799 (4) ？巳⑴-匚(]) 1.793 (4) 
Q l ) - 0 ( 1 ) 1.142(6) C(2)-0(2) 1.139(6) 
C(3)-0(3) 1.140 (6) 
N(5)-Cd(l)-N(6) 109.0(2) N(5)-Cd(l)-Fe(l) 122.1(2) 
N ( 6 ) - C d � - F e ( l ) 128.9(1) N(5)-Cd(l)-N(l) 89.8(2) 
N(6)-Cd(l)-N(l) 90.5(2) F e � - C d ( l ) - N ( l ) 88.2(1) 
N(5)-Cd(l)-N(3) 94.7(2) N(6)-Cd(l)-N(3) 87.6(2) 
Fe(l)-Cd(l)-N(3) 89.7(1) N(l)-Cd(l)-N(3) 175.5(1) 
Cd(l)-N(5)-C(36) 151.3(4) Cd(l)-N(6)-C(37) 144.6(4) 
C d ( l ) - F e � - C ( l ) 73.8(1) 匸(^!)-?。…-“〗） 75.9(1) 
Cd(l)-Fe(l)-C(3) 175.4(1) 匸⑴不已⑴-匸⑵ 149.7(2) 
匸⑴不已⑴-匸⑶ 101.6(2) C(2)-Fe(l)-C(3) 108.6(2) 
P(l)-Fe(l)-P(2) 176.0(1) Fe(l)-C(l)-0(1) 176.1(4) 
Fe(l)-C(2)-0(2) 177.4(5) Fe(l)-C(3)-0(3) 177.3(4) 
Fe(l)-P(l)-C(7) 116.0(2) Cd(l)-N(l)-C(7) 119.1(2) 
Fe(l)-P(2)-C(23) 116.8(1) Cd(l)-N(3)-C(23) 119.8(3) 
P(l)-C(7)-N(l) 117.9(3) P(2)-C(23)-N(3) 118.0(3) 
^ C 2 6 C9 
^ p ^ C 2 7 ^ ^ ^ ^ ^f"^*^^^S^C8 
• : i^^^ j^s : "^^¾=^^^ =^^  
: i ^ 4 ^ v ^ A/i^ yM^® '^ 
i^12 C3 
C13 • 
Figure 2.3.11. Molecular structure and atom numbering of [(CO)3pe(fi-
Ph2Ppym)2CdO^SC)2] in 2.3.10. H-atoms are omitted for the clarity. The 
thermal ellipsoids are drawn at the 35% probability level. 
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Complexes 2.3.7-2.3.10 exhibit some similar structural features: in all four 
complexes the iron and cadmium centers are joined together by two Ph2Ppym bridges 
and a metal-metal bond (Fe-Cd 2.818(1), 2.810(2)，2.789(2), 2.754(2) and 2.701(1) A 
for 2.3.7a，2.3.7b，2.3.8, 2.3.9 and 2.3.10，respectively). These distances are distinctly 
longer than those found in known complexes containing an Fe-Cd bond, for example 
[{CdFe(CO)4)4] (2.559(2)-2.565(2) A)；^^ [{(bipy)CdFe(CO)4h] (2.631(4)-2.653(5) 
入 ) 尸 w^r-[{[MeO)3Si](OC)3Fe(^i-dppm)Cd(^i-Cl)2)2]-C6Hi4 (2.624(2)入)广 mer-
[0^h2HP)(Ph3Si)(CO)3FeCd(^-Br)]2 (2.540(3) A ) � ? ^ The distorted octahedral 
environment about the Fe atom consists of the cadmium(II) atom, two phosphorus 
atoms of the Ph2Ppym ligand (av. Fe-P 2.241(2), 2.243(2), 2.236(2), 2.234(3) and 
2.244(1) A for 2.3.7a，2.3.7b, 2.3.8, 2.3.9 and 2.3.10’ respectively) and three carbon 
atoms ofterminal carbonyl groups. These Fe-P bond lengths are comparable to those 
found in the related complexes (CO)3Fe(Ph2Ppym)2HgX2 (X= C1, Br, I，SCN) (av. Fe-
P 2.257(7)-2.270(3) A) (2.3.3-2.3.6), (CO)3Fe(Ph2Ppy)2Hg(SCN)2 (av. Fe-P 2.262(2) 
A),io7a and somewhat longer than those in /ra^5-(CO)3Fe(Ph2Ppym)2 (av. Fe-P 
2.203(2) A) (2.3.2), which imply that electron donation from the iron center to 
cadmium center weakens the Fe-P bond. The distorted trigonal bipyramidal 
coordination around the cadmium atom involves two pyrimidyl nitrogen atoms 
occupying the axial positions (av. Cd-N 2.415(7), 2.403(7)，2.438(5), 2.533(8) and 
2.403(4) A for 2.3.7a, 2.3.7b, 2.3.8, 2.3.9 and 2.3.10, respectively, which are longer 
than the average Cd-N distance of2.381(?) A in 6- or 7-coordinate cadmium pyrimidyl 
complexes'"), plus the Fe atom and two X atoms lying on the equatorial plane. The 
C-Fe-C angle between the two carbonyl groups that are adjacent to the Fe~>Cd bond 
are enlarged to 141.3(4)-149.4(2)°, which is common among bimetallic complexes 
containing (CO)3Fe(Ph2Ppy)2,'''' (CO)3Fe(Ph2Ppym)2 (2.3.2), and (CO)3Fe(PR3> 
(SiR3)i40J64,i65 moieties connected to d^^ metals, and can be ascribed to the expected 
repulsion between the Fe~>Cd bond pair and the two carbonyl groups. In complexes 
2.3.7, 2.3.9, and 2.3.10 the cadmium atom lies nearly in the FeC(l)C(2)C(3) plane 
with the deviation of0.087(2), 0.054(2), 0.020(2) and 0.025(2) A for 2.3.7a, 2.3.7b, 
2.3.9 and 2.3.10, respectively. Whereas, in complex 2.3.8 the cadmium atom 
completely lie in the FeC(l)C(2)C(3) plane. However, the angle between the 
FeC(l)C(2)C(3) and CdX2 planes is markedly different, being 5.8(3), 4.3(3), 36.0(3)， 
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22.1(3) and 2 3 . 7 ( 3 ) � f o r 2.3.7a, 2.3.7b, 2.3.8, 2.3.9 and 2.3.10, respectively. The 
Fe~>Cd distance lies in a fairly narrow range of 2.754(2)-2.818(1) A in complexes 
2.3.7a, 2.3.7b, 2.3.8, and 2.3.9’ and the difference may be due to packing force in 
these crystal structures rather than the influence imposed by the different haIides. In 
addition, the 18-electron neutral compound /ra^^-(CO)3Fe(Ph2Ppym)2 acts invariably 
as a tridentate ligand toward cadmium(II) atom. 
It is worthy noting that in 2.3.7a a weak interaction exists between one carbonyl 
group, namely {C(1)0(1)} and the cadmium(II) atom ( C d ( l ) - C ( l ) 2.725(8) A, 
Cd(l)...C^2) 2.873(8) A; Cd(l)-Fe(l)-C(l) 68.2(2)。，Cd(l)-Fe(l)-C(2) 73.1(3)�] as 
observed in [(CO3Fe(Ph2Ppym-A^,A^')2HgCl2] (2.3.3a) and [(CO3Fe(Ph2PpynWV)2Hg-
(SCN)2] (2.3.6). 
In the molecule [(CO)3FeO>Ph2Ppym)2Cd(NCS)2] (Fig. 2.3.11) of2.3.10 the SCN' 
ligand forms an isothiocyanate complex with cadmium(II) atom rather than a 
thiocyanate complex, as is the case with mercury(II) in the analogous complex 
(CO)3Fe(Ph2Ppym-AO2Hg(SCN)2 (2.3.6). The Cd-N-C angles of 144.3(4) and 
151.4(4)° are comparable to the value of 149.6(4)� for [Cd3L4(SCN)6(H2CO2]n (L = 
Me3N+CH2CO2-y66 in which the SCN. ligand acts in the bridging mode. 
It is interesting to note that the Fe-Cd distance in [(CO)3Fe(^i-Ph2PpymhCd-
OS[CS)2] is significantly shorter than those in 2.3.7-2.3.9, This may be due to the 
electronic structure of the SCN" group, which has complete delocalization of the ionic 
charge because of the existence of a 7C-system which makes it different from the halide 
ions. In isothiocyanate complexes a large variation in the angle M-N-C has been 
observed, ranging from 111° in [C0p^CS)4]' through 140° in Ni(en)2(NCS)2 to 180� i n 
[Cr(NH3)2]^". The anglar variation reflects the two principle electronic structures of 
the isothiocyanate group: M-N^=C-S" (linear) and M-N=C=S (non-linear)，lt is 
expected that the SCN' can reduce the electron density of the Cd atom via electron 
withdraw from N to S due to its ionic or TC-delocalized structures as described above. 
This increases the acid strength of the cadmium atom and enhances electron donation 
from iron center to cadmium, and consequently the Fe-Cd distance is shortened. 
On the other hand, the Cd-N(pyrimidyI) distances in 2.3.10 are similar to those in 
2.3.7 and significantly shorter than those in 2.3.8 and 2.3.9, The hardness of the 
halide/pseudohalide seems to fit in the order C1" « NCS" < Br" < F, which is similar to 
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that found for the analogous complexes (CO)3Fe(Ph2Ppym)2HgX2 (X = Cl，Br, I， 
SCN) {cf. Sect. 2.3.2)，in which different anions attached to the mercury(II) atom 
affect coordination mode of the /m"s-(CO)3Fe(Ph2Ppym)2 ligand. 
Crystal structure of 2J." 
In contrast to the complexes 2.3.7-2.3.10, complex 2.3.11 contains an 
organometallic binuclear cation [(C0)3Fe(|>Ph2Ppm)2Cd(CH3CNXH20)f+ (Fig. 
2.3.12). 
c22 
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Figure 2.3.12. Molecular structure and atom numbering of [(CO)3Fe(|a-
Ph2Ppym)2Cd(CH3CN)(H2O)]2+ in 2.3.11. H-atoms are omitted for the 
clarity. The thermal ellipsoids are drawn at the 35% probability level. 
The Fe~>Cd distance of 2.652(2) A is markedly shorter than those in complexes 
2.3.7-2.3.10 and in mer-[[(MeO)3Si}(CO)3Fe(^i-Ph2Ppy)]2Cd,‘''^ but is similar to those 
found in [{CdFe(CO)4}4]，i62 [{(bipy)CdFe(CO)4)3],i63 "7er-[{[MeO)3Si](OC)3Fea1-
dppm)Cd(^i-Cn)2h].C6Hi4i64 and w^r-[(Ph2HP)(Ph3Si)(CO)3FeCd(^-Br)]2.'''^ The 
FeC(l)C(2)C(3) unit and CdO(aqua)N(acetonitrile) unit lie in one plane, whereas the 
eight atoms Fe(l), P(1), C(7), N(1), Cd(l), N(3), C(23) and P(2) form a planar eight-
membered ring with a mean deviation of 0.059(5) A. These two planes are mutually 
perpendicular (the dihedral angle is 91.0(2)°). The Cd-N distances of 2.322(7) and 
2.375(7) A are shorter than those in complexes 2.3.7-2.3.10 and comparable to the 
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average Cd-N distance of2 .381(?) A in ref, 153. The N( l>Cd( l ) -N(3) angle of 
167.9(4)° deviates significantly from linearity and this may be due to a shorter Fe~>Cd 
bond distance in [(C0)3Fe(^i-Ph2Ppym)2Cd(CH3CN)(H20)]2+. On the other hand, in 
this cation one carbonyl group leans toward the cadmium atom ( C d ( l ) - C ( l ) = 
2.641(8) A; Cd(l) ."C(2) = 2.857(8); Cd(l)-Fe(l)-C(l) = 70.2(3)。，Cd(l)-Fe(l)-C(2) 
=76 .6 (3)° ) indicating a weak interaction between the cadmium(II) atom and the 
{C(1)0(1)} carbonyl group as observed in 2.3.7a and the analogous complexes 
(CO)3Fe(Ph2Ppym)2-HgCl2 (2.3.3a) and (CO)3Fe(Ph2Ppym)Hg(SCN)2 (2.3.6). 
Table 2.3.11. Selected bond lengths (A) and angles ( � ) for 2.3.11. 
Cd(l)-N(l) 2.319(8) Cd(l)-N(3) 2.378 (9) 
Cd(l)-N(5) 2.33 (1) Cd(l)-0(lw) 2.243 (8) 
Cd(l)-Fe(l) 2.652 (2) Cd(l)-C(l) 2.64 (1) 
Fe(l)-C(l) 1.79(1) Fe(l)-C(2) 1.84(1) 
Fe(l)-C(3) 1.83 (1) Fe(l)-P(l) 2.234 (3) 
？己⑴-？⑵ 2.246 (3) 
N(5)-Cd(l)-0(lw) 103.7(4) N(5)-Cd(l)-Fe(l) 129.5(3) 
0(lw)-Cd(l)-Fe(l) 126.8(3) N(5)-Cd(l)-C(l) 90.1(4) 
0(lw)-Cd(l)-C(l) 166.2(4) Fe(l)-Cd(l)-C(l) 39.4(3) 
N(5)-Cd(l)-N(l) 82.8(4) 0(lw)-Cd(l)-N(l) 94.1(3) 
Fe(l)-Cd(l)-N(l) 92.2(2) C(l)-Cd(l)-N(l) 88.3(3) 
N(5)-Cd(l)-N(3) 85.6(4) 0(lw)-Cd(l)-N(3) 92.8(3) 
Fe(l)-Cd(l)-N(3) 91.9(2) C(l)-Cd(l)-N(3) 87.4(3) 
N(l)-Cd(l)-N(3) 167.7(4) Cd(l)-N(5)-C(37) 167(1) 
Cd(l)-Fe(l)-C(l) 69.9(3) Cd(l)-Fe(l)-C(2) 77.0(4) 
C(l)-Fe(l)-C(2) 146.8(5) Cd(l)-Fe(l)-C(3) 177.3(5) 
“！、不巳⑴-匚⑶ 107.4(6) C(2)-Fe(l)-C(3) 105.7(7) 
Fe(l)-C(l)-0(1) 178(1) Fe(l)-C(2)-0(2) 178(1) 
Fe� -C(3 ) -0 (3 ) 176(1) ？己⑴-？⑴-。(?） 115.4(3) 
Cd(l)-N(l)-C(7) 121.5(7) P(l)-C(7)-N(l) 119.7(8) 
P(2)-C(23)-N(3) 120.1(7) Fe(l)-P(2)-C(23) 116.4(4) 
Cd(l)-N(3)-C(23) 120.4(6) 
The known complexes containing a Fe-Cd bond, for example mer-
[(Ph2HP)(Ph3Si)- (CO)3FeCd(^ i-Br)]2，。7a [{CdFe(CO)4)4],i62 [{(bipy)CdFe(CO)4hr 
and wer-[{[MeO)3Si](OC)3Fe(|i-dppm)Cd(^i-Cl)2}2].C6Hi4,i64 are all formed by 
substitution ofhalides of CdX2 with anionic Fe moieties, so that the Fe-Cd bond is best 
regarded as covalent rather than donor-acceptor. The unsupported complexes such as 
w^r-[(Ph2HP)(Ph3Si)(CO)3FeCd(^i-Br)]2, [{CdFe(CO)4)4] and [{(bipy)CdFe (CO)4h] 
(the later two have ring cluster structures) all exhibit shorter Fe-Cd distance than those 
containing bridging ligands. This fact may be due to the constraints imposed by the 
63 
rigid requirement of the bridging ligand.'^' In the complexes 2.3.7-2.3.11 the Fe-Cd 
bond is solely donor-acceptor in nature. The longer Fe-Cd distances observed in 
complexes 2.3.7-2.3.10 suggest that an Fe~>Cd donor-acceptor bond is in general 
weaker than an Fe-Cd covalent bond. However, the shorter Fe-Cd bond distance in 
the cation of the complex 2.3.11 may also result from its dative characteristic: the 
cadmium center of the cation [Fe(C0)3(^i-PhPpm)2Cd(CH3CN)(H20)]2+ bears a 
higher positive charge and consequently becomes harder than those in the complexes 
2.3.7-2.3.10, which is also reflected by the shorter Cd-N bond distances of this cation. 
This enhances electron donation from Fe(0) to Cd(II), thereby strengthening the 
Fe—Cd bond and consequently shortening the bond distance, although in this cation 
the constraints imposed by the bridging ligands is the same as those in complexes 
2.3.7-2.3.10, 
Conclusions 
Five complexes containing donor-acceptor Fe-Cd bond are formed in the 
reactions of a neutral organometallic tridentate ligand /ram-(CO)3Fe(Ph2Ppym)2 with 
CdX2 (X = C1, Br, I, SCN) and Cd(ClO4)2. Although the structures of several 
complexes containing Fe-Cd bonds are known, the Fe moieties are anionic and the 
Fe-Cd bond may be best regarded as covalent rather than donor-acceptor. Previous 
structural studies appeared to indicate that the donor-acceptor metal-metal bonds in 
the resulting complexes are somewhat longer than the covalent bonds between the 
same metals. Pomeroy and coworkers have suggested that the difference in bond 
lengths between these two kind of bonds may be attributed to the different electronic 
character of each bond type by comparing the structures of (Me3P)(OC)4Os-
Re(CO)4(Br) (dative bond) and (Br)(Me3P)(OC)4OsRe(CO)5 (covalent bond).'' This 
trend is also true for the longer Fe-Cd bond distances found in complexes 2.3.7-2.3.10, 
In the analogous complexes [(CO)3Fe(Ph2Ppym)2HgX2] (X= C1, Br, I，SCN) {cf. Sect. 
2.3.2) the coordination behavior of the ligand /raA75:-(CO)3Fe(Ph2Ppym)2 is greatly 
influenced by the different halide/pesudohalide anions, i.e., /raw5-(CO)3Fe(Ph2Ppym)2 
was found to act as a mono-, bi- or tridentate ligand toward Hg(II). In the present 
study only the tridentate coordination mode of /ra;75-(CO)3Fe(Ph2Ppym)2 has been 
observed when it coordinates to the cadmium atom, which is consistent with the fact 
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that Cd2+ is harder than Hg�+. The nature of the halide anion has no significant 
influence on the Fe-Cd bond, and the difference of the Fe-Cd distances and the 
deformation of the bridging rings may be due to molecular packing forces. On the 
other hand, the Fe-Cd distance is indeed influenced by the delocalized electronic 
structure of the NCS' group, and the similarity of the Fe-Cd bond length in the 
[(C0)3Fe(^i-Ph2Ppym)2Cd(CH3CN)(H20)]'" cation with those found in related 
covalent heterobimetallic complexes indicates that the Fe-Cd bond distance mainly 
depends on its electronic structure rather than the steric requirement of the bridging 
ligand. 
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2.3.4. Miscellaneous: Interaction of ^mrt5-Fe(CO)3(Ph2Ppym)2 with 
Hg2(CIO4)2 A:H2O, [(c0d)RhCI]2, (c0d)PdCI2, PdCI2 and Nd(SCN)3 JcH2O 
Results and discussion 
Reaction of /ram'.Fe(CO)3(Ph2Ppym)2 (2.3.2) with Hg2(C104)2.rH20 in dark led to 
the formation of a yellow-green solid 2.3.12, which is insoluble in CH3OH, CH3CN, thf 
and CH2Cl2. This solid was dissolved in dmf/CH3OH to give compound 2.3.13. The 
compound 2.3.13 underwent a self-oxidation reaction in the solution to give the 
compound [HgCl(Ph2Ppym)(^-Cl)]2, 2.3.14 (Scheme 2.3.5); 
N ^ N ^ Ph: [ I Ph f 
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y , C 0 f , c o 
OC—Fe... ' ^ »- O C — F ' ^ H g - H g 2C104 
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Ph-••• .• /X^N Ph,_.y ^ N 
Ph I 1] Ph _, I 
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P h ^ Hg '" ^ H e ���Ph U P O C 一 F ^ H g 2C104 
c / � C 1 , \ p . � h > 1 
人 Ph"••. / V N ^ r ph T 1 kJ ^^  2.3.14 2.3.13 
Scheme 2.3.5. Preparation of2.3.14. Conditions: (i) Hg2(C104)2'xH20, CH2Cl2/thf, 25 � C 2 h; (ii) dmf/CH3OH, ca. 5 � C , one day; (iii) dmf/CH3OH, ca. 5 � C one week. 
Reaction of 2.3.2 with (cod)2Rh2CI2, (c0d)PdCl2, PdCI2 and Nd(SCN)3'xH20, led 
to the formation of /m^-[(Ph2Ppym)2Rh(CO)Cl].0.5CH2Cl2, 2.3.15, [PdCl(jU-
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Ph2Ppym)]2-CH2Cl2, 2.3.16, c/^-[(Ph2Ppym)2PdCl2]-0.5CH2Cl2, 2.3.17 and cis-
[FeO^CS)2{Ph2P(0)pym)2], 2.3.18, respectively (Scheme 2.3.6): 
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Scheme 2.3.6. Preparation of 2.3.15-2.3.18, Conditions: (i) [(c0d)RhCl]2, CH2Cl2, 
2 5 � C 2 h; (ii) (c0d)PdCl2, CH2Cl2, 2 5 � C 2 h; (iii) PdCl2, CH2Cl2, 2 5 � C , 2 h; (iv) 
Nd(SCN)3-xH20, CH2Cl2/Me2CO, 2 5 � C 2 h. 
Formation of complexes 
The reaction of /ra^5-(CO)3Fe(Ph2Ppym)2 with Hg2(ClO4)2.xH2O in CH2Cl2/thf 
following crystallization in dmfMeOH led to the formation of complex 2.3.14 as 
shown in Scheme 2.3.5. In the first step, it is believed that a complex 2.3.12 with an 
Fe~>Hg-Hg unit was initially formed via IR analysis. When this complex was 
dissolved in dmf, the Hg-Hg unit underwent disproportionation affording a complex 
2.3.13 containing an Fe(0)-Hg(II) framework as in the case of the preparation of the 
related complex [(CO)3FeO1-Ph2Ppy)2Hg(H2O)(OClO3)]Ciar2.5H2O.O.5MeOH 
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(2.2.7). Compound 2.3.13 is unstable in solution and CIO4" was reduced by Fe(0) to 
Cr, leading eventually to the formation of2.3.14. 
Reaction of /ram-(CO)3Fe(Ph2Ppym)2 (2.3.2) with [(c0d)RhCl]2 did not afford the 
corresponding heterobimetallic complex containing an Fe(0)^Rh(I) donor-acceptor 
metal-metal bond. Unexpectedly a mononuclear Rh(I) complex 2.3.15, which is 
analogous to the well known Rh(I) complex ^mw5--[(Ph3P)2Rh(CO)Cl],'^^ was 
obtained. Reaction of /r<my-(CO)3Fe(Ph2PpyrrO2 (2.3.2) with (c0d)PdCl2 yielded 
complex 2.3.16, In the reaction Pd(II) was reduced to Pd(I) by trans-
(CO)3Fe(Ph2Ppym)2, and the Ph2Ppym ligand was transferred to Pd(I) to form a head-
to-tail bridged Pd(I)-Pd(I) complex. Reaction of /raw5-(CO)3Fe(Ph2Ppym)2 with PdCl2 
afforded a red precipitate 2.3.17a which is believed to be a heterobimetallic complex 
containing an Fe(0)~>Pd(II) donor-acceptor bond from its IR data. Recrystallization 
of this compound in dmfMeOH did not give the desired Fe(0)-Pd(II) complex, but a 
mononuclear Pd(II) complex 2.3.17 with the cis configuration was obtained. The 
attempted synthesis of a complex containing an Fe(0)~>Nd(III) donor-acceptor 
metal-metal bond from /nms,-(CO)3Fe(Ph2Ppym)2 and Nd(SCN)3.xH20 failed, as in the 
course of this reaction Fe(0) and Ph2Ppym were oxidized to Fe(II) and Ph2P(O)pym, 
respectively, consequently giving rise to an Fe(II) complex 2.3.18 with a chelating 
Ph2P(O)pym ligand. 
Crystalstructure 0f[HgCl(Ph2Ppym)(ju-Cl)]2 (2,3.14) 
An ORTEP drawing and atom numbering of2.3.14 are presented in Figure 2.3.12; 
selected bond lengths and angles are listed in Table 2.3.12. The complex 2.3.14 is 
crystallized with discrete [HgCl(Ph2Ppym)(jLi-Cl)]2 molecules in the unit cell. 
As shown in Fig. 2.3.13, complex 2.3.14 exists as a halogen-bridged centro-
symmetric dimer in which each mercury atom is four coordinated by two bridging 
chloro ligands, one terminal chloro ligand and a phosphorus atom of the phosphine 
ligand Ph2Ppym. The coordination geometry about the mercury atom is significantly 
distorted from a regular tetrahedron with bond angles ranging from 85.2(1) to 
132.8(1)°. 
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Table 2.3.12. Selected bond lengths (A) and angle (。）for 2.3.14. 
Hg(l)-Cl(l) 2.375 (3) Hg(l)-Cl(2) 2.626 (2) 
Hg(l)-P(l) 2.398 (2) Hg(l)-Cl(2a) 2.652 (3) 
P(l)-C(4) 1.812(8) ？⑴-。(…） 1.814(8) 
P(l)-C(16) 1.806 (8) 
C l� -Hg( l ) -C l (2 ) 103.8(1) C l � - H g � - P ( l ) 132.8(1) 
C l ( 2 H ^ l ) - P ( l ) 112.6(1) Cl(l)-P^l)-Cl(2a) 101.2(1) 
C l � - H g � - C l ( 2 a ) 85.2(1) P� -Hg( l ) -C l (2a ) 110.6(1) 
Hg(l)-Cl(2)-Hg(la) 94.8(1) C(4)-P(l)-C(10) 105.2(4) 
Q4)-P(l)-C(16) 108.0(4) C(10)-P(l)-C(16) 108.2(4) 
symmetry code: a) l-x, -y，- z. 
C2a C1a 
� ~ % % ^ : , 
V^l� C1 
� � C l l 
Figure 2.3.13. Molecular structure and atom numbering of [HgCl(Ph2Ppym)(^i-
Cl)]2 2.3.14. H-atoms are omitted for the clarity. The thermal ellipsoids are 
drawn at the 35% probability level. Symmetry code: a) l-x, -y, -z. 
Tertiary phosphine complexes of mercury(II) halides of 1:1 and 2:1 stoichiometry, 
(R3P)nHgX2 (n = 1, 2; X = C1, Br, I) have been extensively studied.^''"''' It has been 
found that the structures adopted are very dependent on the nature of the phosphine, 
such as its a-donor ability and steric requirement, the nature of the halogen, and also 
the tendency of mercury to acquire linear coordination. For 2:1 complexes, the 
magnitude of the P-Hg-P angle is significantly influenced by the nature of the 
phosphine: the stronger donor the phosphine is，the larger the P-Hg-P angle will be. 
For 1:1 complex, this feature is also observed for the P-Hg-Xtemiinai moiety: strong 
a-donors favour extended association and result in short Hg-P bonds, causing a 
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widening o f t h e P-Hg-Xtem— bond angle, whereas weaker donors produce dimers with 
longer Hg-P bonds and smaller P-Hg-Xtemunai angles. 
In 2.3.14, the Hg-P distance of2.398(2) A, Hg-Clbridging distances of2 .626(2) and 
2.652(3) A, Hg-Cltemiinai distancc of2.375(3) A, and the Clbridging-Hg-Clbridging angle of 
8 5 . 2 ( 1 ) � a r e nearly equal to those found in [Ph3PHgCl2]2'" (Hg-P, 2.406(7) A; 
Hg-Clbridging, 2.623(8)，2.658(8) A; Hg-CL—，2.370(10) A; Clbridging-Hg-Clbridging, 
128.7(4)�). However, the P-Hg-Cl_inai angle in 1 (132.8(1)。）is significantly larger 
than that in [Ph3PHgCl2]2''' (128.7(4)°). This suggests that substitution o f o n e phenyl 
group by a pyrimidyl group enhances the a-donor ability of the phosphorus atom. 
Crystalstructure of trans-[(Ph2Ppym)2Rh(CO)Cl] O.5CH2Cl2 (2.3,15) 
Table 2.3.13. Selected bond lengths (A) and angles ( � ) for 2.3.15. 
Rh(l)-Cl(l) 2.399 (7) Rli(l)-C(20) 1.782 (12) 
Rh(l)-P(l) 2.316(2) ？⑴-匚⑷ 1.855(8) 
P(l)-C(10) 1.812(9) P(l)-C(16) 1.794 (8) 
Cl(l)-WVl)-P(l) 92.0(2) C(20) -Rh� -P ( l ) 91.8(4) 
Cl(l)-Rli(l)-Cl(la) 168.3(3) P(l)-Rli(l)-Cl(la) 87.8(2) 
C(20)-Rii(l)-C(20a) 173 (1) P(l)-Rli(l)-C(20a) 88.1(4) 
P(l)-Rh(l)-P(la) 178.2(1) 
Symmetry code : a) -x, y, '/2 - z. 
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Figure 2.3.14. Molecular structure and atom numbering of /raw>y-[(Ph2Ppym)2-
Rh(CO)Cl] in 2.3.15. H-atoms are omitted for the clarity. The thermal ellipsoids 
are drawn at the 35% probability level. Symmetry code: a) -x, y, '/2 -z. 
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Like the analogous complex /ram-[(Ph3P)2Rh(CO)Cl] which occupies a 1 site in 
the crystalline s t a t e ^ the structure of 2.3.15 also shows statistical disorder between 
the carbonyl and chloride ligands. The carbonyl C atom was refined with an imposed 
soft constraint Rh-C = 1.84 土 0.01 A. As depicted in Fig. 2.3.14, the Rh atom is 
located on a crystallographic C2 axis and /raw5-c00rdinated by two Ph2Ppym ligands 
with Rh-P = 2.316(2) A, which compares well with that found in trans-
[a%P)2Rh(CO)Cl] (Rh-P, 2.323(6)-2.333(1) A)"2 and the related Rh(II) complex 
trans-[(Vh3^)2RhCh] (Rh-P, 2.323(6) A ) ^ a chloro ligand at Rh-Cl = 2.399(7) A, 
which is similar to those in /ram'-[(Ph3P)2Rh(CO)Cl] (Rh-Cl, 2.371(2)-2.414(11) A), 
and a carbonyl group. The coordination geometry about Rh is approximately square-
planar (Cl(l)-RKl)-P(l) , 92.0(2)。； C(20a)-RKl)-P(l), 91.8(4)。； the sum o f the angles 
around Rh is 367.6°). The phosphine ligands are staggered with respect to each other 
and virtually co-linear with the Rh(I) atom (P-Rh-P, 178.2(1)�). There is a weak 
interaction between the chloro ligand and one phenyl hydrogen atom (the nearest 
Cl...H distance is 2.847 A). 
Crystalstructure of[PdCl(jj-Ph2Ppym)]2.CH2Cl2 (2.3,16) 
-fkz^' 
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Figure 2.3.15. Molecular structure and atom numbering of [PdCl(jLi-Ph2Ppym)]2 
in 2.3.16. H-atoms are omitted for the clarity. The thermal ellipsoids are drawn 
at the 35% probability level. 
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Table 2.3.14. Selected bond lengths (A) and angles (。）for 2.3.16. 
Pd(l)-Pd(2) 2.607 (1) Pd(l)-Cl(l) 2.416 (2) 
Pd(l)-P(l) 2.200 (2) Pd(l)-N(3) 2.140 (5) 
Pd(2)-Cl(2) 2.409 (2) Pd(2)-N(l) 2.111(4) 
Pd(2)-P(2) 2.196(2) P(l)-C(l) 1.846 (6) 
N(l)-C(l) 1.340 (8) P(2)-C(17) 1.834 (6) 
N(3)-C(17) 1.319(7) 
Pd(2)-Pd(l)-Cl(l) 174.9(1) Pd(2)-Pd(l)-P(l) 80.3(1) 
Cl(l)-Pd(l)-P(l) 96.2(1) Pd(2)-Pd(l)-N(3) 94.1(1) 
Cl(l)-Pd(l)-N(3) 89.0(1) P(l)-Pd(l)-N(3) 171.4(1) 
Pd(l)-Pd(2)-Cl(2) 173.2(1) Pd(l)-Pd(2)-N(l) 95.8(1) 
Cl(2)-Pd(2)-N(l) 90.9(1) Pd(l)-Pd(2)-P(2) 83.4(1) 
Cl(2)-Pd(2)-P(2) 89.9(1) N(l)-Pd(2)-P(2) 177.2(2) 
Pd(l)-P(l)-C(l) 114.2(2) Pd(2)-N(l)-C(l) 118.6(4) 
P(l)-C(l)-N(l) 114.3(4) Pd(2)-P(2)-C(17) 115.9(2) 
Pd(l)-N(3)-C(17) 118.8(4) P(2)-C(17)-N(3) 116.4(4) 
Selected torsion angles ( � ) 
P� -Pd( l ) -Pd(2) -N( l ) 30.2 P(2)-Pd(2)-Pd(l)-N(3) 26.4 
Pd(l)-Pd(2)-N(l)-C(l) -23.0 Pd(2)-Pd(l)-N(3)-C(17) -30.8 
Pd(2)-N(l)-C(l)-P(l) -2.0 Pd(l)-N(3)-C(17)-P(2) 15.6 
N � - C � - P � - P d ( l ) 34.4 N(3)-C(17)-P(2).Pd(2) 13.0 
匸⑴-卩⑴-卩廿⑴-卩(^ ?) -38.0 C(17)-P(2)-Pd(2)-Pd(l) -26.3 
N(3)-Pd(l)-P(l)-C(10) 31.9 N(l)-Pd(2)-P(2)-C(26) 21.6 
Pd(l) -P� -C(10)-C(9) 52.1 Pd(2)-P(2)-C(26)-C(25) 176.6 
N(3)-Pd(l)-P(l)-C(16) 152.2 N�-Pd(2)-P(2)-C(32) 146.4 
Pd(l)-P(l)-C(16)-C(ll) 30.7 Pd(2)-P(2)-C(32)-C(31) -107.5 
As shown in Fig. 2.3.15, the two palladium atoms arejoined together by two Ph2Ppym 
bridges in the head-to-tail (here after designated as HT) configuration and a metal-
metal bond. The Pd-Pd distance (Pd-Pd, 2.607(1) A) compares well with those found 
in //r-[PdI(^i-Ph2Ppy)]2-0.5C3H60 (2.5970(5) A ) , #r-[PdCl(^i-Ph2Ppy)]2 (2.594(1) 
A) and [PdClO>Me2Ppy)]2 (2.584(1) A)，"' but considerably shorter than those found 
in [PdBr(Mppm)]2 (2.699(5) A)"6 and [Pd2Cl(SnCl3)a1-dppm)2] (2.644(2) k ) } ' ' The 
short Pd-Pd distance in 3 and related monophosphine complexes is attributed to the 
shorter ligand bite distance between the P and N donor atoms than that between two P 
atoms in dppm. The coordination geometry about each of the two independent 
palladium atoms is nearly planar but deviates significantly from being square 
(Pd(2)-PcKl)-P(l), 80.3(1); Pd(2)-Pd"-N(3) , 94.1(2); Cl(l)-Pd(l)-P(l), 96.2(1); 
Cl(l)-Pd(l)-N(3), 89.0(1); Pd(l)-Pd(2)-P(2), 83.4(1); ?廿(1)-?廿印-1\[(1), 95.8(1); 
Cl(2)-Pd(2)-P(2), 89.9(1), Cl(2)-Pd�-N⑴，90.9(1)°; the sum of the angles about 
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individual palladium centers: 3 5 9 . 6 � f o r Pd( l ) and 3 5 6 0 � f o r Pd(2)). The Pd-P 
distances of 2.200(2), 2.196(2) A, and Pd-N distances of 2.140(5), 2.111(4) A in 
2.3.13 are comparable to those in i^r-[PdI(^i-Ph2Ppy)]2'0.5C3H60 (2.217(1), 2.206(1) 
A; 2.121(4)，2.103(4) A),"4 jf/r-[PdCl(^i-Ph2Ppy)]2 (2.207(2)，2.203(2) A; 2.122(5), 
2.106(5) A)"5 and [PdCia1-Me2Ppy)]2 (2.195(2), 2.192(2) A; 2.140(6)，2.165(6) A)”； 
The two coordination planes around each o f P d atoms are twisted with the dihedral of 
28.5°. In addition, the torsion angles (see Table 2.3.14) show that the five-membered 
rings are very nonplanar. 
Crystalstructure ofcis-[Pd(Ph2Ppym)2Cl2]'0.5CH2Cl2 (2.3,17) 
Table 2.3.15. Selected bond lengths (A) and angles ( � ) for 2.3.17. 
Pd(l)-Cl(l) 2.336(3) Pd(l)-Cl(2) 2.347(3)~~ 
Pd(l)-P(l) 2.266(2) Pd(l)-P(2) 2.259(3) 
P(l)-C(4) 1.855(9) P(l)-C(10) 1.811(10) 
P(l)-C(16) 1.790(9) P(2)-C(20) 1.852(8) 
P(2)-C(26) 1.810(8) P(2)-C(32) 1.808(11) 
Cl(l)-Pd(l)-Cl(2) 89.9(1) CI(l)-Pd(l)-P(l) 171.5(1) 
Cl(2)-Pd(l)-P(l) 83.5(1) Cl(l)-Pd(l)-P(2) 89.1(1) 
Cl(2)-Pd(l)-P(2) 175.9(1) P(l)-Pd(l)-P(2) 97.9(1) 
Pd(l)-P(l)-C(4) 105.5(3) Pd(l)-P(l)-C(10) 123.2(3) 
Pd(l)-P(l)-C(16) 113.5(3) Pd(l)-P(2)-C(20) 111.3(3) 
Pd(l)-P(2)-C(26) 114.3(3) Pd(l)-P(2)-C(32) 115.0(3) 
c12 ^ c n 
- ¾ ^ ' " 
肩：i: 
C8 . '^1^C28 ^ 
C29 Figure 2.3.16. Molecular structure and atom numbering of cis-
[Pd(Ph2Ppym)2Cl2] in 2.3.17. H-atoms are omitted for the clarity. The 
thermal ellipsoids are drawn at the 35% probability level. 
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As shown in Fig. 2.3.16, the Pd(II) atom is coordinated by two chloro ligands and 
two phosphorus atoms from the Ph2Ppym ligands in a cis configuration. The Pd-Cl 
distances of2.336(3) and 2.347(3) A，and Pd-P distances of2.266(2) and 2.259(3) A, 
are similar to those reported for m-[(Ph3P)2PdCl2] (Pd-Cl 2.333-2.355 A; Pd-P 2.250-
2.264 A)i78 and for [(Phpy2P;bPdCl2]."C6H6 {n = 0, 1, 3) (Pd-Cl 2.357-2.348 A; Pd-P 
2.247-2.257 A)"9 However, the Pd-Cl (Pd-P) distance in 2.3.17 is significantly shorter 
(longer) than those in 2.3.16 (Pd-Cl 2.407(2)，2.417(2) A; Pd-P 2.200(2)，2.197(2) A) 
which may be attributed to two factors: (1) the oxidation state of palladium atom is +1 
in 2.3.16 and +2 in 2.3.17, and (2) the trans influence follows the order Pd > P and 
C l > N . 
The P(l)-Pd(l)-Cl(l) angle of 171.5(1)�deviates significantly from linearity due to 
interaction between the chlorine and hydrogen atoms in the crystal packing (the nearest 
Cl—H distance is 2.887 A). Another interesting feature of this compound is that two 
phenyl groups, one from each Ph2Ppym ligand, are nearly coplanar with a dihedral 
angle of 5 .3�which is similar to those found in (Phpy2P)2PdCl2'^^ (7.1°), but the inter-
ring distance (center to center) of 4.042 A in 2.3.17 is much longer than that in 
(Phpy2P)2PdCl2'^^ (3.40 A). The dihedral angles between these two phenyl rings 
(C5-C10) and (C27-C32) and the respective PPd(Cl) planes are 77.4 and 73.8° indicate 
that there is significant overlap between the Pd-P bonding orbital and the 71 orbitals of 
the phenyl rings. 
Crystalstructure 0fciS'[Fe(Ph2Ppym-N, O)2O^CS)2] (2.3.18) 
As illustrated in Fig. 2.3.17，the octahedral coordination about the Fe(II) atom 
consists of pairs of nitrogen atoms from the c/5-c00rdinated NCS' ligands, plus 
nitrogen (Fe-N 2.204(7) and 2.202(7) A) and oxygen atoms from the Ph2P(O)pym 
ligands. Both five-membered chelate rings are each nearly planar with interior angles 
summing to 538.8 and 539.5°, respectively, and are nearly mutually perpendicular with 
a dihedral angle of 84.4°. The NCS" ligands coordinate to the Fe(II) center with their 
nitrogen atoms in a linear mode (Fe-N-C 171.7(7) and 179.5(7)。）and trans to the 
oxygen atoms of the Ph2P(O)pym chelate ligands. The Fe-N distances of2.081(7) and 
2.080(7) A are virtually the same as those in /ra"5"-[FeCNfCQ2(C5NH4)4] (Fe-N 2.09 
A).180 The Fe-0 distances of2.169(5) and 2.217(5) A are significantly longer than 
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i 
those in [(Ph3PO)4FeCl2](FeCl4) (Fe-0 2.005(4)-2.019(4) A)，^ which may be due to 
the fact that (i) the oxidation state of the iron atom is +2 in 2.3,18 and +3 in the latter 
complex; (ii) the NCS' ligand has a stronger tram influence than Cl". 
Table 2.3.16. Selected bond lengths (A) and angles 0 for 2.3.18. 
Fe(l)-0(1) 2.169 (5) Fe(l)-0(2) 2.217(5) 
Fe(l)-N(2) 2.204 (7) ？。…-^  2.202 (7) 
Fe(l)-N(5) 2.081(7) Fe(l)-N(6) 2.080(7) 
S(l)-C(9) 1.602 (9) S(2)-C(10) 1.619(9) 
P(l)-0(1) 1.488 (6) P(l)-C(4) 1.844 (8) 
P(l)-C(16) 1.780 (10) P(l)-C(22) 1.806 (8) 
P(2)-0(2) 1.518(5) P(2)-C(8) 1.824 (10) 
P(2)-C(28) 1.786 (8) P(2)-C(34) 1.821 (8) 
N(2)-C(4) 1.340 (10) N(4)-C(8) 1.339 (9) 
N(5)-C(9) 1.172(12) N(6)-C(10) 1.148(12) 
0(l)-Fe(l)-0(2) 84.3(2) 0(l)-Fe(l)-N(2) 80.2(2) 
0(2)-Fe(l)-N(2) 91.7(2) 0(l)-Fe(l)-N(4) 89.8(2) 
0(2)-Fe(l)-N(4) 81.7(2) N(2)-Fe(l)-N(4) 168.6(2) 
0(l)-Fe(l)-N(5) 90.3(2) 0(2)-Fe(l)-N(5) 172.9(2) 
N(2)-Fe(l)-N(5) 92.1(3) N(4)-Fe(l)-N(5) 93.5(3) 
0(l)-Fe(l)-N(6) 171.3(3) 0(2)-Fe(l)-N(6) 89.8(2) 
N(2)-Fe(l)-N(6) 93.6(3) N(4)-Fe(l)-N(6) 95.8(3) 
N(5)-Fe(l)-N(6) 96.0(3) 0(l)-P(l)-C(4) 107.3(3) 
0(2)-P(2)-C(8) 108.5(3) Fe(l)-0(1)-P(l) 118.8(3) 
Fe(l)-0(2)-P(2) 115.5(3) Fe(l)-N(2)-C(4) 119.5(5) 
？。…->^…-^ 118.4(6) P(2)-C(8)-N(4) 115.4(7) 
Fe� -N(5 ) -C(9 ) 174.7(7) S(l)-C(9)-N(5) 178.3(8) 
Fe(l)-N(6)-C(10) 171.7(7) S(2)-C(10)-N(6) 179.5(7) 
暴 
Cie|^ ic28 C29 C30 
c n ^ r � Y ^ c 2 7 -%�2樣 
“ C25 
Figure 2.3.17. Molecular structure and atom numbering of c/5-[Fe(Ph2Ppym-
N,O)20SfCS)2] 2.3.18. H-atoms are omitted for the clarity. The thermal ellipsoids 
are drawn at the 35% probability level. 
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It should be noted that unambiguous assignment of the pyrimidyl ring in complexes 
2.3.14, 2.3.15 and 2.3.17 is difficult since the precision of the X-ray experiment was 
not sufficient to allow clear identification of the nitrogen and carbon atoms. 
Differentiation of the pyrimidyl ring from the phenyl rings was based on the measured 
bond distances and angles as well as the atomic thermal parameters. 
Conclusion 
In the present study, the reactions of /ra^-(CO)3Fe(Ph2Ppym)2 with various Hg(I), 
Rh(I), Pd(II) and Nd(III) complexes were studied. The results showed that (i) the 
complex /ra/2s-(CO)3Fe(Ph2Ppym)2 is a strong reductant, and (ii) the Ph2Ppym moiety 
weakly coordinates to Fe(0) and can easily be transferred to another metal atom when 
the organoiron ligand reacts with various metal reagents. 
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Part II. Metal Complexes ofTertiary Phosphine 
Betaines 
Chapter 3. Introduction 
3.1. General Aspects of Coordination Chemistry of Carboxylates 
Few other ligand classes form such a structurally varied series of complexes with 
metal ions as the carboxylic acids, which have occupied a central position in 
coordination chemistry from the 19th century to the present day, owing to their 
convenient properties, ready availability and their versatile coordination behavior based 
on the particular electronic structure of the carboxylato g r o u p ” 
Many metal carboxylates have been known since ancient times. The oldest organic 
derivatives of metals are the alkali metal carboxylates, commonly known as “soaps’，. It 
is in this century that the nature of the carboxylate bonding has been revealed, which is 
mainly attributed to the development of X-ray crystallography. In 1940，Zachariasen? 
confirmed the ionic nature of the formate group in sodium formate by X-ray analysis 
and suggested that all strongly electropositive metal ions would form ionic 
carboxylates. Niekerk and Schoening^ reported in 1953 that in the case of 
Co(O2CCH3)2'4H2O, each acetate anion functions as a unidentate ligand, and as a 
bidentate bridging ligand in the first well structurally characterized binuclear metal 
carboxylate [Cu{O2CCH3}2(H2O)]2^ which was redetermined both by X-ray'^ and 
neutron diffraction methods in 1973." Whereas, the bidentate chelate bonding mode of 
carboxylate group was reported existing in the zinc acetate [Zn{02CCH3)2(H20)2] in 
1953,12 although Lowry and French'^ had postulated as early as 1924 that the acetate 
group could function as a bidentate chelate giving a four-membered ring. 
Despite their very long history, the interest in the chemistry of metal carboxylates 
is growing continuously as evidenced by numerous reviews in the chemical literature. 
One of the growing areas in recent years involves the binuclear complexes oftransition 
metals with carboxylate groups acting as bridging ligands. Such systems provide an 
appropriate framework within which a wide range of metal-metal interactions may be 
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investigated, depending on the nature of the transition metal atoms concerned. For the 
transition binuclear tetracarboxylate structure, factors affecting the metal-metal bond 
length have been extensively discussed”]? Through extensive studies of 
dichromium(II) complexes of this type with different carboxylate groups and axial 
ligands, Cotton and co-workers'^-'^ have found that the metal-metal separation is 
markedly affected by changing the electronic properties of the carboxylate ligand: the 
more basic it is, the shorter the M-M distance. On the other hand, the metal-metal 
separation is also affected by the strength of the axial ligand, and there is a trend of 
increasing metal-metal separation with increasing electron-donor ability of the axial 
ligand, although it is a small effect compared with that exerted by the carboxylate 
group. A useful relationship within the binuclear tetracarboxylate framework has been 
established by Koh and Christoph'^ who have studied a wide range of binuclear 
tetracarboxylate complexes possessing metal-metal separations in the range 2.050-
2.886 A. They have shown empirically that the metal-metal separation varies linearly 
with the M-M-0 angle, and concluded that the M-0-C angles are the most responsive 
to changes in the M—M—O—C—0 ring. These relationship and conclusions are also 
valid for this type of complexes even in the absence of significant metal-metal bonding 
interactions.2o Compared with transition metals, the dinuclear tetracarboxylates of 
main group metals, which usually exhibit non metal-metal bonding, are relatively less 
studied.2o，2i 
Among the binuclear metal tetracarboxylates, those of the copper(II) are the most 
widely studied.^ ^"^^ The Cu."Cu separations lie in a wide range from 2.563(4) A in 
[Cu2(EtCO2)4(dioxane)2]'' to 2.886(2) A in [Cu2(F3CCO2)4(quiloline)2].'' The relative 
shorter Cu...Cu distances provoked a considerable controversy about the nature o f t he 
Cu."Cu interaction. 
Transition metal carboxylates have also occupied a special place in the study of 
magnetic exchange interactions between paramagnetic transition metal ions.— The 
magnetic superexchange properties of weakly interacting metal ions in binuclear 
tetracarboxylates were discussed based on the molecular orbital analysis.^^ 
Another important area of chemistry of metal carboxylates is the studies of 
interactions between the metal ion and carboxylate group in biological systems which 
is promoted by the fact that there are lots of active sites in enzymes containing metal 
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atoms coordinated by carboxylate groups. Investigations concerning the synthesis, 
structures, and properties of the active sites which containing carboxylates have 
become a very active field,^ '^^ ^ and one can expect that this area will draw more and 
more interest from researches. 
3.2. Nature of the Carboxylate Bonding 
e? 
- • %Q 
Figure 3.2.1. Electronic structure of carboxylate group 
As shown in Fig. 3.2.1，the naked carboxylato group has a 7i-system, and two lone 
pairs, which make an angle close to 120° in the plane of the carboxylato group, on 
each oxygen atom. These oxygen atoms function as donor atom in the vast majority of 
the complexes, as they are relatively small, less polarizable and thus classified as “hard’， 
under the Pearson classification. As a consequence, they usually form stable 
complexes with metal ions in their high valence states. 
On the other hand, the lone pairs have different properties. Ab initio SCF studies 
of formic acid indicate that the syn (Z) conformation (with proton being on the same 
side as the C=0 bond) is more stable than the anti {E) conformation (with the proton 
being in the trans position of the C=0 bond) by 4.5 kcal/moI.^^ This result might be 
considered to imply that the syn lone pairs are more basic than the anti lone pairs^^ and 
is consistent with the fact that the carboxylic acids usually dimerize through hydrogen 
bonding in a ring structure. 
The structural variety of the metal carboxylates originates from the electronic 
structure of the carboxyl group (Fig. 3.2.1). Theoretically, with four lone pairs on 
different oxygen atoms, the carboxyl group can ligate up to four metal ions at the same 
time, but the existence of such a maximum ligation mode without destroying the 
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conjugation system has not been observed due to the congested environment of this 
arrangement. So, apart from the ionic metal carboxylates, the carboxyl group can 
ligate to one, two, or three metal ions with the carboxyl group acting in unidentate, 
bidentate bridging, one atom bridging, or bidentate chelating fashions. These bonding 
modes o f the carboxyl group have been authentically established by X-ray single crystal 
structure analysis of metal carboxylates and shown in Figure 3.2.2.' 
M M 
\ \ 0 — M 0 — M 0 0 
— < ——C\ ——C\ — \ 0 0 — M 0——M 0 / M 
(a) 0>) (c) (d) 
0 O—M 0 \ CL 
— ( — < — < � > — < > 
O—M O—M 0 ^ 0 ^ / / M M (e) (f) (g) (h) M M 
� �� 
- < o > - < o > 
M^ 
(i) 0) 
Figure 3.2.2. Coordination modes of the carboxylato group 
Unidentate coordination mode (3.2.2(a)) occurs extensively in circumstances 
where only one coordination site is available such as in [CoCNH3)5(O2CCH3)](ClO4)2.^ ^ 
Acting in this mode, the conjugation of the carboxylato group is destroyed, and as a 
consequence the carboxylato group loses the equivalence of its two C - 0 bonds; in 
addition, one M - 0 distance is considerably shorter than the next shortest M - 0 contact. 
These features serve as a criterion of the existence of this coordination mode. One of 
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the typical examples is [Li(02CCH3)]-2H20^^ with two C - 0 bond lengths of 1.22 and 
1.33 A, and Li -0 distances of2 .17 and 2.57 A. 
The unidentate mode also exists in some aqua metal carboxylates such as 
[Co(O2CCH3)2(H2O)4].8 However, in these complexes the pendant oxygen atom of the 
carboxylato group usually forms an intramolecular hydrogen bond with the aqua ligand 
which will reduce the difference of the two C - 0 bond lengths.^^ 
Bidentate bridging modes (3.2.2(b)-(d)). Carboxylate anions have a strong bridging 
tendency toward metal ions which accounts for the common occurrence of polynuclear 
carboxylate complexes. Acting in bidentate bridging modes, the carboxylato group 
ligates to two metal ions with its two lone pairs on different oxygen atoms. There can 
be little doubt that the classic structural type of syn-syn bridging (3.2.2(b)) is the most 
common, which may be due to the fact that the syn lone pairs are more basic than anti 
lone pairs as previously discussed. Within the syn-syn bridging class, two types of 
complexes have been widely studied, namely complexes with binuclear 
tetracarboxylate structure formulated as [M2(carboxylato-0,0 O4Ln] (n = 0，1，2)，in 
which special interest is concentrated on the relative importance of the carboxylate 
framework compared with the strength of the metal-metal bond in determining the 
overall structure, and the oxo-centered carboxylate-bridged trinuclear complexes of the 
type [M3(^i3-0)(^i-RC02)6L3]n+ (L = neutral monodentate l igandV�They widely occur 
in a variety of first-, second- and third-row transition metal ions. Among these, 
triruthenium analogs exhibit versatile redox properties, serving as reversible multistep 
and multielectron redox systems.^' 
The carboxylato group can also readily ligate to two metal ions with a syn lone pair 
and an anti lone pair on different oxygen atoms {syn-anti mode as shown in Fig. 
3.2.2(c)) or two anti lone pairs {anti-anti mode as shown in Fig. 3.2.2(d)), and these 
kinds of coordination usually lead to polymeric structures. In addition, carboxylate 
bridging in these two configurations results in large metal-metal separations and makes 
the metal-metal interaction untenable, which in part accounts for the less extensive 
study of these complexes." Typical examples of these two classes are found in 
[{Cu(HC02)2)n]'' and [{Cu(HCO2)2(H2O)4W43, respectively. In the anti-anti 
bidentate bridging mode the carboxyl group ligates the metal ions with its two anti 
lone pairs, so that the two syn lone pairs are exposed. It can be expected that this 
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coordination mode is unstable and one of the syn lone pair will further ligate to another 
metal ion to yield a tridentate carboxylato-pi-0,0 ' \x-0 mode (Fig. 3.2.2(f)), as found 
in copper(I) acetate^^ and several silver(I) carboxylates.^^ The anti-anti mode is very 
rarely found in metal carboxylate complexes. 
Also the carboxyl group can ligate two metal ions with two lone pairs on the same 
oxygen atom resulting in a carboxylato-^i-0 mode (Fig. 3.2.2(e)) which is 
characteristic of the metal alkoxides/^ such as the ferric wheel complex 
[Fe(OMe)2(O2CCH2Cl)]10.47 in which a pair of adjacent Fe(III) ions are bridged by a 
pair of methoxy anions as well as a carboxylate anion acting in a bidentate syn-syn 
bridging fashion, the \x-0 mode is also common in metal complexes of tertiary amine 
7V"Oxide.48 However, the monatomic carboxylate bridge mode seldom occurs in the 
metal carboxylate complexes, one example being the copper(II) complex 
[Cu(AE)CH3CO2]2 (AEH = 7-amino-4-methyl-5-aza-3-hepten-2-one)39b in which two 
copper(II) ions are bridged together by a pair of acetate anions acting in monatomic 
bridging mode. A carboxyl group acting in this mode has a pendant oxygen atom 
which has a strong tendency to coordinate to another metal ion to give the 
carboxylato-^i-0,0'-\x-0 tridentate mode (3.2.2(f)), and this may be responsible for the 
rare occurrence of this mode in metal carboxylate complexes. 
Bidentate chelating (Fig. 3.2.2(g) and (h)). Acting in this mode, the carboxyl 
group chelates a metal ion utilizing its two syn lone pairs to form a strained 
four-membered ring. Energetically, this would be the least favored coordination mode, 
especially the symmetrically chelate one (Fig. 3.2.2(g)) which retains the equivalence 
of two C - 0 bonds as found in the free anion. Relief of the constraint imposed by the 
strained four-membered ring leads to the asymmetric chelate (Fig. 3.2.2(h)) or even to 
the unidentate mode (Fig. 3.2.2(a)). Metal ions with reasonably high percentage of 
chelate bonding are those of larger ionic radii, especially mercury(II), cadmium(II), 
samarium(III), thallium(III), cerium(IV) and uranium(VI).^^ On the other hand, the 
remaining anti lone pairs can ligate to one or even two metal ions resulting 
carboxylato-T|-0,0 -^i-0 (Fig. 3.2.2(i)) or carboxylato-r|-0,0-\x-0-\i- 0, (Fig. 
4.2.2Q)), both of which are relatively rare among metal carboxylates. Examples o f the 
former mode are found in [{Cd(O2CCH3)2(H2O)2}n]'' and [{Na(U02)(02CCH3)2)n].'' 
89 
i � j I 
The later mode is exemplified by dimethyl thallium acetate [{Me2Tl(MeCO2)},,]^' and a 
very unusual nonanuclear manganese complex.^^ 
Apart from the bonding modes of carboxylate anions discussed above, another two 
coordination modes have been discovered which are extremely unusual among the 
metal carboxylate complexes. One is found in a mixed-valence manganese oxide 
complex [Mn6O2(O2CPh) 10(py)2(MeCN)2]• 2MeCN" in which the carboxylate anions 
act as i^3 bridging ligands with one oxygen atom ligating a metal ion in the plane of the 
carboxylato group and another oxygen atom bridging two atoms with the M - 0 - M 
plane being nearly perpendicular to the plane of the carboxylato group. So the 
hybridization of the later oxygen atom can be best described as sp^ rather than sp^. 
Another one is found in an octanuclear Cd-Sn-(^4-0)2 complex [Cd4Sn4(m-
O)2(O2CCH3)10(OCH2But)10]54 in which two of the acetate anions act in a 'coat hanger， 
fashion with each of the oxygen atoms bridging a pair of cadmium(II) ions, and the Cd-
0-Cd planes are nearly perpendicular to the plane of the carboxylato plane. 
3.3. Betaine and Its Derivatives 
The prototype of this series of compounds is called betaine (Me3N^CH2CO2", 
rUPAC name: trimethylammonioacetate) which is widely found in plant and animal 
tissues, playing an important role as a methyl-transfer agent in amino acid synthesis.^^ 
Structurally, this kind of compounds exist in a zwitterionic form, having a naked 
carboxylate group and a positively charged quaternary ammonium moiety. As a 
consequence of this special dipolar structure, betaines and their derivatives usually 
have high melting points, high solubility in aqueous solution and insolubility in non-
polar solvents.56 Moreover, the solubility of betaine derivatives in non-polar solvent 
can be altered through changing the R groups on the nitrogen atom, and therefore may 
be used as surfactants and phase transfer cataIysts.^^ 
3.3.1. Synthesis ofBetaine Derivatives ofTert iary Amines 
In view of their structure, the synthetic methods of betaine derivatives may be 
mainly categorized into two types: carboxy alkylation of tertiary amines and alkylation 




1. Carboxy alkylation of tertiary amines 
a) Reaction of tertiary amines with sodium chloroacetate^^'^^ 
RlR2R3N + ClCH2CO2Na • RlR2R3NCH2CO2 + NaCl 
The reaction can be catalyzed by adding little amount of potassium iodide. 
b) Reaction of tertiary amines with XCH2(CH2)nCO2R^' 
RlR2R3N + XCH2(CH2)nCO2R • RlR2R3N(X)CH2(CH2)nCO2R 
s - n i f i c - n > R i R 2 R 3 N C ^ C ^ n C 0 2 
n = 0, 1;X = C1, Br;R = Me, Et 
Saponification of the resulting salt RiR2R3N+(X )CH2(CH2)nCO2R by NaOH, HC1 
or passage through an ion-exchange resin (OH-) column leads to the formation of the 
corresponding betaine derivatives. 
c) Reaction of tertiary amines with unsaturated carboxylic acids '^"^^ 
RlR2R3N + H 2 C = C H C O 2 H • RlR2R3NCH2CH2CO2 
This reaction provides an important route to prepare betaine derivatives of hetero 
aromatic compounds. It is not applicable to the preparation of betaine derivatives of 
aliphatic tertiary amines as they are more basic and less nucleophilic than the hetero 
aromatic compounds. 
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d) Reaction of tertiary amines with y^-propiolactone^^ 
J 
RlR2R3N + 1 ^ • RlR2R3NCH2CH2CO2 
Reaction of a tertiary amine with y0-propiolactone in non-aqueous solvent at room 
temperature leads to the formation of the corresponding betaine derivative which is 
deposited as a precipitate and thus easily to be separated and purified. 
2. Alkylation of amino acids 
a) Alkylation of amino acids with haloalkane^^ 
RlR2NCH2(CH2)nCO2H + R3X • RlR2R3N(X)CH2(CH2)nCO2H 
b) Alkylation of amino acids with 0- methyl-A ,^A '^- diisopropylisourea^^'^^ 
OCHi 
RiR2NCH2(CH2)nCO2H + ) ^ N - C = N ^ »- RiR2N(CH3)CH2(CH2)nCO2 
H 
0,A^,A^-Trialkylisoureas are well known methylation reagents in the conversion of 
carboxylic acids to esters,?�and phenols to arylalkyl ethers.^' The rationization for 
betaine formation lies in the relative nucleophilicities of the amino and carboxyI 
functionalities present in the reaction. A^-methylation leading to betaine formation is 
attributed to the amino group being a more powerful nucleophile than the carboxylate 
anion in the ensuing Sw2 react ion, 
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3.3.2. Synthesis o fBeta ine Derivatives ofTer t ia ry Phosphines 
The tetraorganophosphonium salts are known to behave as phase-transfer 
catalysts, and they have the ability to alter the surface tension ofwater. '^ On the other 
hand, they have been widely used in organic synthesis. For example, 
vinylphosphonium salts are valuable synthetic reagents used in the synthesis of 
heterocyclic compounds, cycloadditions and Michael additions.^ 
In contrast to tertiary amine betaines, studies concerning tertiary phosphine 
betaines are relatively sparse. As an element of the third row in the periodic table, 
phosphorus can utilize its l>d orbitals in bonding to other elements.?? Compared with 
the related tertiary amines, tertiary phosphines are weaker bases and more powerful 
nucleophiles, so that they can form betaines more readily. 
Phosphine betaines can be easily obtained by substitution reaction of tertiary 
phosphines with halo carboxylic acids, even with the vinyl halo carboxylic acids.”"® 
Ph3P + Cl-(CH2VCO2H ^ Ph3P+-(CH2)n-CO2H + ci-
n = 1 ,2 ,3 
Br 7 B r R 3 P \ H 
R3P + / = C \ \ = = C 
H CO2H H ^ \ 0 2 H 
R = Ph, Bu. 
They are obtainable by nucleophilic addition 0fPh3P in concentrated acidic media (HC1 
or HBr), or of Ph3P.HBr in organic solvent, to unsaturated carboxylic acids such as 
propiolic acid.79 8o Recently, Larpent and co-workers reported that the reaction of 
water-soluble, sulphonated triarylphosphines with unsaturated carboxylic acids under 
acidic or neutral conditions gave the corresponding vinyl betaines.^' Improved yields 
of such betaines from the relevant reactions of Ph3P are obtained if the reactions are 
I conducted in reverse (water-hydrocarbon) microemulsions.^^ 
j ;| 
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^ 0 C02-
Ph3P + R ^ - C - C O 2 H ~ ~ r - ^ ^ ~ " > - P h 3 P - C W = C ^ 
incroeirulsion ^ � , \ H 
R = H, Ph, C5H,, 
However, tertiary phosphine betaines exhibit some different properties compared 
with tertiary amine betaines. One of the striking features of the phosphine betaines is 
that the compound Ph3P+CH2CCV is very unstable: (i) the salt Ph3P+CH2CO2HCl loses 
carbon dioxide at 180 °C to give triphenylmethylphosphonium chloride; (ii) treatment 
of an ethanolic solutions of Ph3P+CH2CO2HCl with aqueous sodium carbonate 
I followed by isolation under mild conditions gives only triphenylmethylphosphonium 
chloride.78 Also the betaines Ph3P^CH(R)CO2' undergo decarboxylation to give the 
corresponding ylids.^^ 
P h 3 P ^ - C H - C 0 2 " • PhsP—CH < • P h 3 P = C H 
I I I R R R 
The same kind of behavior was observed in the preparation of monomethyl-
phosphonium salts of a,6>bis(diphenylphosphonio)alkanes using haloacetatic acids or 
esters, the intermediate carboxyalkyIphosphonium salts suffering decarboxylation in 
situ.'' 
3.4. Metal Complexes ofBetaine Derivatives 
As mentioned above, betaine and its derivatives have a positively-charged 
quaternary ammonium moiety and a free carboxylate group which are structurally 
analogous to amino acids in the zwitterionic form. As the positively-charged nitrogen 
atom exerts an electron inductive effect on the carboxylate group, which results in a 
larger O-C-0 angle, one could expect that the coordination behavior of betaine would 
be similar to chlorocarboxylic acid. 
Although the prototype betaine Me3N+CH2CO2- was reported in the last century, 
its structure was established by single crystal X-ray analysis of its hydrochloride only in 
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1970,85 and its monohydrate in 1989.86 丁卜已 fipst metal-betaine complex 
[{Ca(BET)(H2O)2Cl2}n] appeared in 1989.^^ In recent years the coordination chemistry 
of betaine and its derivatives (Fig. 3.4.1) have been systematically investigated in our 
laboratory.88 
Me 0 Me. 0 






Me 0 / p ^ , 0 
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J 0- HO~< 
Me 0 
Et3BET HniBET 
Figure 3.4.1. Tertiary amine betaine derivatives 
It has been found that since betaine and its derivatives are neutral carboxylic acid 
like ligands, they provide synthetic access to: (1) metal complexes with varied 
metal-carboxylate molar ratios; (2) soluble heavy metal carboxyIates; and 3) metal 
complexes with the metal center bearing additional anionic ligands, and several new 
structural varieties have been discovered. 
However, studies concerning the coordination behavior of the related tertiary 
phosphine betaines are quite rare. The only known examples are complexes of several 
triorganotin compounds with Ph3PXCH2)2CO2" in which the organotin moieties are 
bridged by the carboxylato groups to form a polymeric structure , as inferred via IR 
and the tin-119m Mossbauer spectra.^^ Recently, a complex of triorganotin compound 
with Ph3PXCH2)2CO2-, [Cl(C6H5CH2)3Sn-OC(O)CH2CH2PTh3];' was characterized by X-ray crystal structure analysis. In this complex the betaine ligand covalently 
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bonded to the tribenzyltin chloride in a unidentate mode [Sn-0 = 2.252(3) A] and the 
geometry at the tin atom is a /ram'-trigonal bipyramid [Cl-Sn-0 = 173.1(1)�]. 
P h \ /P Ph / 0 
P + - ( C H 2 ) 2 - C ( , P + - ( C H 2 ) r < 
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Ph \ 
P h ^ � \P—CH2-CH2—P.... / ‘ ^ \..•••,, ( \ " P h 
. ^ ^ / Ph o - \ 
ethylenebis(diphenylphosphoniopropionate) 
Figure 3.4.2. Tertiary phosphine betaine derivatives 
The tertiary phosphine betaine Ph3PXCH)2CO2" has a bulky Ph3P+ group. It can be 
expected that this bulky cationic terminal group may have a marked influence on the 
coordination behavior of the carboxylato group toward metal ions, especially those 
which usually form polymeric structures with carboxylic acids or carboxylic acid-like 
ligands, such as cadmium(II). 
A systematic synthetic and structural investigation on some metal-phosphine 
betaine complexes constitutes the theme of the present research. Several metal ions, 
especially Cd(II), are used, as well as three tertiary phosphine ligands (Fig. 3.4.2). 
Some new structural varieties with novel structural features are revealed. 
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Chapter 4. Results and Discussion . 
j 
'I 1 j I 1 .] I 4.1. Betaine Derivatives 
1 
Tetraorganophosphonium salts are known to behave as phase-transfer catalysts 
1 
j and have the ability to alter the surface tension o fwater^ They have also been widely 
used in organic synthesis. For example, vinylphosphonium salts are valuable synthetic 
reagents used in the synthesis of heterocyclic compounds, cycloadditions and Michael 
additions.73-76 
In contrast to tertiary amine betaines, tertiary phosphine betaine derivatives, 
although first reported long ago in 1894,^ ^ have not been structurally characterized by 
single crystal X-ray analysis until now. In this work triphenylphosphoniopropionate, 
Ph3P+(CH2)2CO2- (L'), and the novel double betaine ethylenebis-(diphenylphosphonio-
propionate) -O2C(CH2)2Ph2P+(CH2)2Ph2P+(CH2)2CO2- (L^) have been prepared by 
direct reaction 0fPh3P and Ph2P(CH2)2PPh2 with acrylic acid in AcOEt/acetone. Four 
adducts of L', L^ and Ph3PXCH2)3CO2' (L^) have been prepared and characterized by 
single-crystal X-ray analysis, namely L'-2H20 4.1.1, (HL)2.(O2CCH=CHCO2) 
-H02CCH=CHC02H-2H20 4.1.2, L2 (CH3)2CO.5H2O 4.1.3 and [(HLO2O^O3)]NO3 
4.1.4. 
Results and discussion 
Direct reaction of triphenylphosphine, Ph3P, with acrylic acid at a molar ratio of 
1:1 in AcOEt/acetone mixed solvent led to the formation of the tertiary phosphine 
betaine triphenylphosphoniopropionate, Ph3PXCH2)2CO2', as shown in eq. 4.1.1 
Ph3P+H9C = CHCO,H A _ a e e t o n e > p|^  p(CH,),CO. j 丄 “ 25�C，24h - - -
eq.4.1.1 
Usually the nucleophilic addition of tertiary phosphine to an unsaturated carboxylic 
acid, such as propiolic acid, is carried out in concentrated acidic media (HC1 or HBr), 
or RsP-HBr is used to replace R3P in an organic solvent.^ "^^ ® Unlike most tertiary 
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amine betaines，the anhydrous form of this compound is quite stable in air. Its 瓜 
spectrum shows that the asymmetric stretching frequency of the carboxylato group is 
masked by the stretching frequencies of the Ph3P moiety. The stationary solid-state ^^ P 
NMR spectrum of this compound exhibits one peak with 6iso at 21.47 ppm (5n = 
14.86，822 = 22.84 and 633 = 26.71 ppm) which is smaller than that in OPPh3 (5 = 28.99 
ppm, MAS spectrum).92 
j 
I Reaction 0fPh3P with fumaric acid in AcOEt/acetone did not yield the expected I 
i product Ph3P+CH(CO2H)CH2CO2-, but instead compound 4.1.2 was obtained (eq. 
>i 
I 4.1.2). It is believed that in this reaction the compound HO2CCH2(P^Ph3)CH2CO2" is 
] an intermediate which undergoes decarboxylation in situ.^^-^^ 
H CO2H P h 3 P \ CO2' 
Ph3P + \ = C , AcOEt/acetone > \ n - n c ( 




The isolated product from this reaction is an adduct (4.1.2) of Ph3PXCH2)2CO2' 
and fumaric acid which has a "sandwich-like" structure. 
Reaction of l,2-bis(diphenylphosphino)ethane with acrylic acid in AcOEt/acetone 
afforded the corresponding novel double betaine O2C(CH2)2Ph2PXCH2)2Ph2PXCH2)2-
CO2 as shown in eq. 4.1.3. 
Ph2P(CH2)2PPh2 + H2C=CHCO2H A c O g f g _ > [CH2Ph2P(CH2)2CO2]2 
eq. 4.1.3. 
The hydrochloride of Ph3PXCH2)3CO2' was prepared according to the literature 
method (eq. 4.1.4).^^ Reaction of equimolar quantities of Ph3P with y-chlorobutyric 
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acid at 1 4 0 � C for ca. 20 h led to the formation of [Ph3P(CH2)3CO2H]Cl, and further 
reaction of this compound with AgNO3 afForded [{Ph3P(CH2)3CO2HhO^O3)]NO3 
(4.1.4). The acid-free betaine Ph3P^(CH2)3CO2' can be easily obtained by passing an 
aqueous solution of [Ph3P(CH2)3CO2H]Cl through an anion-exchange (OH" form) 
column (eq. 4.1.4). 
Ph3P + ClCH2(CH2)2CO2H • [Ph3P+(CH2)3CO2H]Cl 
- H O x ^ ^ 
Ph3P+(CH2)3CO2-
eq. 4.1.4 
Structure ofPh2P(CH2)2COr 2H2O (4,1,1). 
Table 4.1.1. Selected bond lengths (A) and angles (。）for 4.1.1. 
P(l)-C(6) 1.789 (6) P(l)-C(12) 1.798 (5) 
P(l)-C(18) 1.792 (5) P(l)-C(19) 1.805 (5) 
C(19)-C(20) 1.544 (8) C(20)-C(21) 1.549 (8) 
C(21)-0(1) 1.24(1) C(21)-0(2) 1.22(1) 
C(6)-P(l)-C(12) 108.9(3) C(6)-P(l)-C(18) 107.2(2) 
C(12)-P(l)-C(18) 110.5(3) 匚⑷-？⑴-匚(!”） 110.9(3) 
C(12)-P(l)-C(19) 109.0(2) C(18)-P(l)-C(19) 110.3(2) 
C(19)-C(20)-C(21) 113.1(5) C(20)-C(21)-0(1) 115.7(6) 
C(20)-C(21)-0(2) 118.5(6) 0(l)-C(21)-0(2) 125.7(6) 
Hydrogen bonding 
0 ( l h 0 ( l w ) 2.520(8) 0 ( lw) -0 (2w) 2.519(8) 
0(2w>..0(2a) 2.694(8) 0(lw)...0(lwb) 2.539(8) 
0( lw)-0( l ) -C(21) 131.6(5) 0( lwb) . . -0( lw)-0( l ) 71.0(6) 
0(2w)...0(lw>..0(l) 102.8(4) 0(hv>..0(2w>..0(2a) 113.5(5) 
0(2w)-0(2a)-C(21a) 148.5(6) 
symmetry codes: a) -x，-y, -z; b) -l-x, -y, -z. 
As illustrated in Fig. 4.1.1, in the inner salt Ph3PXCH2)2CO2" the phosphorus atom is 
coordinated in a normal tetrahedral environment with P-C bonds ranging from 
1.789(6) to 1.805(5) A and angles around the phosphorus atom from 107.2(2) to 
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110.9(3)°. The phenyl groups are arranged in a propeller-like fashion with dihedral 
angles of 60.5, 65.6 and 79.5° between them. Although it is anticipated that an aryl 
group attaching to phosphorus will have a shorter P-C bond length due to overlap 
between the phosphorus 7>d orbitals and the 7i-oribitals of the phenyl ring (for example, 
the average P-C bond length o f l . 8 3 1 k�in Ph3P is somewhat shorter than 1.868 A in 
(cycl0hexyl)3P^^), the four P-C bond lengths in 4.1.1 are not significantly different 
within experimental error. In the betaine molecule the propionate moiety stretches 
away from the bulky Ph3P group to achieve a more stable conformation, thereby ruling 
out the possible alternative lactone-like structure in which the phosphorus atom is 
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Figure 4.1.1. ORTEP drawing of the molecule structure and atom numbering 
scheme of [Ph3P(CH2)2CO2] 2H2O 4.1.1. Hydrogen atoms are omitted for clarity, 
and hydrogen bonds are indicated by broken lines. The thermal ellipsoids are drawn 
at the 35% probability level. Symmetry codes: a) -x, -y, -z; b) -l-x, -y, -z. 
The carboxylate group of 4.1.1 has nearly identical C-0 bond lengths [C-0 = 1.22 (1) 
and 1.24(1) A] and C-C-0 angles [115.7(6) and 118.5(6)°], and the O-C-0 angle is 
125.7(6)°. These values are comparable to those found in MesNCHaCOs.HaO [C-0 = 
1.251(4) and 1.239(3) A; C-C-0 = 112.6(2) and 120.0(2)。； O-C-0 = 127.2(2)°].'^ 
On the other hand，two symmetry-related Ph^P+(CH2)2C02- molecules are linked by 
donor hydrogen bonds from a pair of soIvated water molecules to form a 
ten-membered ring (Fig. 4.1.1). It is worthy of note that the carboxylate group forms 100 
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hydrogen bonds with bridging water molecules through the anti lone pairs rather than 
the syn pairs [ 0 - 0 - C angles 131.6(5) and 148.5(6)°]. This hydrogen bonding pattem 
contrasts with that in carboxylic acid dimers which achieve a cyclic structure through 
syn-syn hydrogen bonding and without the participation ofbridging water molecules. 
Furthermore, the present dimeric structures are linked through hydrogen bonds 
between the lattice water molecules [ 0 . . 0 = 2.539(8) A] to form chains which extend 
parallel t o [ 1 0 0](Fig. 4.1.2). 
X X a%Rfe ^ W ^ 
耀如 ^ V 
Figure 4.1.2. Stereoview of the crystal structure of [Ph3P(CH2)2CO2].2H2O 4.1.1. 
Hydrogen atoms are omitted for clarity, and hydrogen bonds are indicated by broken 
lines. The origin of the cell lies at the upper left comer with a pointing from left to 
right, b toward the reader, and c downward. 
Structure of[Ph^P(CH2)2C02H]2(02CHCCHC02yH02CHCCHC02H.2H20 (4,L2). 
Compound 4.1.2 comprises [Ph3P^(CH2)2CO2H] cations, fumarate anions, fumaric 
acid molecules and water molecules packed together in the crystal lattice (Fig. 4.1.3). 
The coordination geometry about the phosphorus atom is very close to that in 4.1.1 
with P-C bond lengths ranging from 1.782(2) to 1.804(3) A and C-P-C angles from 
107.4(1) to 110.2(1)°. The C-0 bond lengths of the carboxylato groups [C(21)-0(1) 
=1.194(3) and C(21)-0(2) =1.303(3) A; C(23)-0(3) = 1.209(3) and C(23)-0(4)= 
1.307(3) A; C(25)-0(5) = 1.243(4) and C(25)-0(6) = 1.260(5) A] unambiguously 
indicate that the betaine molecule exists in the protonated form and one of the fumaric 




Table 4.1.2. Selected bond lengths (A) and angles (。）for 4.1.2. 
[Ph3P(CH2)2CO2H]+ cation. 
P(l)-C(6) 1.805(3) P(l)-C(12) 1.796(4) 
P(l)-C(18) 1.782(2) P(l)-C(19) 1.804(3) 
C(19)-C(20) 1.510(4) C(20)-C(21) 1.509(4) 
C(21)-0(1) 1.194(3) C(21)-0(2) 1.303(3) 
C(6)-P(l)-C(12) 108.2(1) C(6)-P(l)-C(18) 110.2(1) 
C(12)-P(l)-C(18) 108.2(1) C(6)-P(l)-C(19) 107.4(1) 
C(12)-P(l)-C(19) 109.1(2) C(18)-P(l)-C(19) 113.7(1) 
C(19)-C(20)-C(21) 112.0(3) C(20)-C(21)-0(1) 122.9(2) 
C(20)-C(21)-0(2) 113.3(2) 0(l)-C(21)-0(2) 123.8(3) 
pO2CCH2=CH2CO2Hl molecule. 
0(4)-C(23) 1.209(3) C(23)-0(3) 1.307(3) 
C(23)-C(22) 1.486(4) C(22)-C(22a) 1.308(5) 
0(4)-C(23)-0(3) 124.1(3) 0(4)-C(23)-C(22) 121.3(2) 
0(3)-C(23)-C(22) 114.6(2) C(23)-C(22)-C(22a) 123.6(3) 
[O2CCH2=CH2CO2i2+ anion 
C(25)-0(5) 1.243(4) C(25)-0(6) 1.260(5) 
C(24)-C(25) 1,500(4) C(24)-C(24b) 1.311(6) 
C(25)-C(24)-C(24b) 124.1(4) C(24)-C(25)-0(5) 117.7(3) 
C(24)-C(25)-0(6) 117.1(3) 0(5)-C(25)-0(6) 125.2(3) 
Hydrogen bonding 
0 ( 3 ) - 0 ( 6 ) 2.513(2) 0 ( 5 ) - 0 ( l w ) 2.773(2) 
0(5)...0(lwc) 2.785(2) 0(2)...0(lw) 2.570(3) 
0(6)-0(3)-C(23) 113.5(3) 0(lw)-0(2)-C(21) 115.4(2) 
0(3)...0(6)-C(25) 113.9(3) 0(lw)...0(5)...0(lwc) 89.2(3) 
Symmetry code: a) 2-x, -l-y, -z; b) 1-x，-y, -z. 
As anticipated, the fumaric acid molecule and fumarate anion which occupy 1 sites 
each has a planar configuration with mean atomic deviation from the least-squares 
plane of0.034 and 0.025 A, respectively. The dihedral angle between the fumaric acid 
molecule [comprising C(22), C(23), 0(3) and 0(4)] and fumarate anion [comprising 
C(24), C(25), 0(5) and 0(6)] is 110.2(2)°. The C-0 bond lengths and O-C-0 angle 
for these two species are comparable to those in [Ph3PXCH2)2CO2H] and 
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PbP+(CH2)2C02-, respectively, which imply that the carboxylato groups in 
Ph3P+(CH2)2CO2- and the fumarate anion have similar electronic properties. 
?S；/>^^^  
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03a ^ C 2 2 a 01w % - ^ 2 3 o ® 04o Figure 4.1.3. ORTEP drawing of the molecule structure and atom numbering 
scheme of [Ph3P (^CH2)2CO2H]2(O2CCH=CHCO2) HO2CCH=CHCO2H 2H2O, 
4.1.2. Hydrogen atoms are omitted for clarity, and hydrogen bonds are 
indicated by broken lines. The thermal ellipsoids are drawn at the 35% 
probability level. Symmetry codes: a) 2-x, -l-_y, -z; b) l-x, -y, -z. 
As depicted in Fig. 4.1.4, the fumaric acid molecules and fumarate anions are arranged 
alternately to form chains through hydrogen bonding [0(3)---0(6) = 2.513(2) A; 
0(6) -0(3) -C(23) = 113.5(3)° and 0(3)-0(6)-C(25) = 113.9(3)°], and such chains 
are further joined by donor hydrogen bonds from the lattice water molecules to the 
fumarate anions [0(5). . .0(lw) = 2.773(2) and 0(5). . .0(lwc) = 2.785(2) A; 
0 ( lw>"0(5) . . .0 ( lwc) = 89.2(3)°; the dihedral angle between planes C(25)0(5)0(6) 
and 0 (5 )0 ( 1 w)0( 1 wc)0(5c) is 39.2�] to form negatively charged layers which lie 
parallel to the (0 0 1) plane. The distance between adjacent layers is \/c = 10.713(4) 
A. 
As shown in Fig. 4.1.5, the [Ph3P(CH2)2CO2H]^ cations are sandwiched between 
the layers, each forming a hydrogen bond with a lattice water molecule belonging to 
one layer [0(2) ."0( lw) = 2.570(3) A, 0 ( l w ) � 0 ( 2 ) - C ( 2 1 ) = 115.4(2)°]. The torsion 
angle 0(lw>..0(2)-C(21)-C(20) at -175.4�indicates that the water molecule is nearly 
coplanar with the carboxylate group of the [Ph3P(CH2)2CO2H]+ cation. 
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Figure 4.1.4. Perspective view of a layer formed by fumaric acid molecules, fumarate 
anions and water molecules in 2. Hydrogen atoms are omitted for clarity, and hydrogen 
bonds are indicated by broken lines. Symmetry codes: a) 2-x, -l-y, -z; b) l-x, -y, -z; c) 2-x, 
-y, -z. 
赛爹 
<v^....4. ^ ° 
Figure 4.1.5. Stereoview of the crystal structure of compound 4.1.2. Hydrogen 
atoms are omitted for clarity, and hydrogen bonds are indicated by broken lines. The 
origin of the cell lies at the upper right comer with a pointing toward the reader, b 
from right to left, and c downward. 
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Crystalstructure of[CH2Ph2P(CH2)2CO2]2.(CH3)2CCh5H2O (4,L3) 
Compound 4.1.3 consists of a packing of [Ph2P(CH2)(CH2)2CO2]2 molecules, 
lattice water molecules and acetone molecules. There are two [CH2Ph2P(CH2)2CO2] 
moieties from two distinct but nearly identical betaine molecules (A and B) in the 
asymmetric unit (Fig. 4.1.6). 
Table 4.1.3. Selected bond lengths (A) and angles ( � ) for 4.13. 
P(l)-C(6) 1.789(5) P(l)-C(12) 1.787(3) 
P(l)-C(13) 1.800(4) P(l)-C(14) 1.795(4) 
C(13)-C(13A) 1.549(9) C(14)-C(15) 1.521(4) 
C(15)-C(16) 1.520(6) C(16)-0(1) 1.233(6) 
C(16)-0(2) 1.250(4) P(2)-C(22) 1.783(4) 
P(2)-C(28) 1.789(3) P(2)-C(29) 1.805(5) 
P(2)-C(30) 1.795(5) C(29)-C(29A) 1.564(8) 
C(30)-C(31) 1.521(5) C(31)-C(32) 1.529(7) 
C(32)-0(3) 1.251(4) C(32)-0(4) 1.253(4) 
C(6)-P(l)-C(12) 110.0(2) C(6)-P(l)-C(13) 109.0(2) 
C(12)-P(l)-C(13) 109.5(2) C(6)-P(l)-C(14) 107.3(2) 
C(12)-P(l)-C(14) 111.1(2) C(13)-P(l)-C(14) 109.9(2) 
P(l)-C(13)-C(13A) 111.7(4) C(14)-C(15)-C(16) 113.8(3) 
C(15)-C(16)-0(1) 118.4(3) C(15)-C(16)-0(2) 115.8(4) 
0(l)-C(16)-0(2) 125.7(4) C(22)-P(2)-C(28) 108.8(2) 
C(22)-P(2)-C(29) 107.6(2) C(28)-P(2)-C(29) 109.1(2) 
C(22)-P(2)-C(30) 109.6(2) C(28)-P(2)-C(30) 109.2(2) 
C(29)-P(2)-C(30) 112.5(2) P(2)-C(29)-C(29A) 112.3(4) 
C(30)-C(3 l)-C(32) 115.5(3) C(3 l)-C(32)-0(3) 115.8(3) 
C(31)-C(32)-0(4) 118.4(3) 0(3)-C(32)-0(4) 125.8(4) 
Hydrogen bonding 
0(4wh.0(3) 2.747(4) 0 ( 2 w ) � 0 ( l w ) 2.760(4) 
0 ( l w h . 0 ( l ) 2.771(4) 0( lwh.0(2c) 2.748(4) 
0(2c)."0(5wb) 2.716(4) 0(5wb)."0(4b) 2.818(5) 
0(5w)-0(3w) 2.874(5) 
0(4w)-0(3)-C(32) 128.0(2) 0(2w)...0(lw>..0(i) 106.9(2) 
0(l)...0(lw)...02c) 109.5(2) 0(hvh.0(2c)...0(5wb) 113.1(2) 
0(3w)".0(5w)-0(4) 114.1(2) 0(3wb)...0(5wb)...0(2c) 117.6(2) 
symmetry codes: a) -x, -y, l-z; b) -x, l-y, -z. c) -x, -y, -z. 
Two of the phenyl groups on different phosphorus atoms and the P(CH2)2P chain lie in 
a plane (mean atomic deviation 0.044 A from the least-squares plane), with the 
remaining phenyl groups protruding on both sides to reach the most stable 
conformation. The tetrahedral geometry about phosphorus [P-C bond lengths ranging 




geometry about the carboxylato group [C-0 = 1.233(6) and 1.250(4) A, O-C -0 = 
1 2 5 . 7 � f o r A; C - 0 = 1.251(4) and 1.253(4) A, O-C-0 = 1 2 5 . 8 � f o r B] are very close 
to those in 4.1.1. 
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02a Figure 4.1.6. ORTEP drawing of the molecule structure and atom numbering scheme of 
[CH2Ph2P(CH2)2CO2]2 in 4.1.3. Hydrogen atoms are omitted for clarity, and hydrogen bonds 
are indicated by broken lines. The thermal ellipsoids are drawn at the 35% probability level, 
symmetty codes: a) -x, -y, l-z; b) -x, 1->^ -z. c) -x, -y, -z. 
As shown in Fig. 4.1.7, the betaine molecules of type A are linked with the lattice 
water molecules to form an infinite chain parallel to [1 0 0], and such chains are joined 
by hydrogen bonds between the betaine molecules of type B and the lattice water 
molecules to form layers with an interlayer spacing of \ /a = 10.341(1) A. The 
solvated acetone molecules which have weak hydrogen bonding interaction with the 
solvated water molecule [0(5) . . .0(4W) = 3.016 (2) A] are sandwiched between the 
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Figure 4.1.7. Stereoview of the layer structure of compound 4.1.3. Phenyl groups 
and hydrogen atoms are omitted for clarity, and hydrogen bonding are indicated by 
broken lines. The origin of the cell lies at the right upper comer with a pointing 




Figure 4.1.8. Stereoview of the crystal structure of compound 4.1.3. Hydrogen 
atoms are omitted for clarity, and hydrogen bonding are indicated by broken lines. 
The origin of the cell lies at the left upper comer with a pointing from right to left, b 
toward the reader, and c downward. Structure of[Ph3P(CH2)3CO2HJOVO3) (4,L4) 
Compound 4.1.4 comprises a packing of two distinct but nearly identical 
[Ph3P(CH2)3CO2H]^ cations (designated I and II) and NO3- anions in the crystal lattice. 
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Table 4.1.4. Selected bond lengths (A) and angles (。）for 4.1.4. 
P(l)-C(6) 1.804 (4) P(l)-C(12) 1.783 (7) 
P(l)-C(18) 1.800 (5) P(l)-C(19) 1.806 (4) 
C(19)-C(20) 1.508 (9) C(20)-C(21) 1.507 (6) 
C(21)-C(22) 1.494 (9) C(22)-0(1) 1.340(6) 
C(22)-0(2) 1.175 (8) P(2)-C(28) 1.807 (6) 
P(2)-C(34) 1.795 (4) P(2)-C(40) 1.800 (5) 
P(2)-C(41) 1.783 (5) C(41)-C(42) 1.540 (8) 
C(42)-C(43) 1.509 (8) C(43)-C(44) 1.512(9) 
C(44)-0(3) 1.198 (6) C(44)-0(4) 1.315(8) 
C(6)-P(l)-C(12) 108.7(2) C(6)-P(l)-C(18) 110.7(3) 
C(12)-P(l)-C(18) 109.2(2) C(6) -P� -C(19) 108.8(2) 
C(12)-P(l)-C(19) 110.5(2) C(18)-P� -C(19) 108.9(2) 
P(l)-C(19)-C(20) 113.2(4) C(19)-C(20)-C(21) 114.1(5) 
C(20)-C(21)-C(22) 113.3(5) C(21)-C(22)-0(1) 111.2(5) 
C(21)-C(22)-0(2) 124.9(5) 0(l)-C(22)-0(2) 124.0(6) 
C(28)-P(2)-C(34) 109.5(2) C(28)-P(2)-C(40) 108.3(3) 
C(34)-P(2)-C(40) 110.5(2) C(28)-P(2)-C(41) 109.6(2) 
C(34)-P(2)-C(41) 108.7(3) C(40)-P(2)-C(41) 110.3(2) 
P(2)-C(4 l)-C(42) 114.7(3) C(41)-C(42)-C(43) 111.0(4) 
C(42)-C(43)-C(44) 113.3(4) C(43)-C(44)-0(3) 124.4(6) 
C(43)-C(44)-0(4) 112.5(4) 0(3)-C(44)-0(4) 123.1(7) 
The tetrahedral geometry about each phosphorus atom is similar to those in 4.1.1-4.1.4 
with P-C bond lengths ranging from 1.777(5) to 1.815(6) A and C-P-C angles from 
108.3(3) to 110.7(3)�(Fig. 4.1.9). However, the orientation of the phenyl groups in 
these two betaine cations are markedly different: the dihedral angles between the 
phenyl groups are 93.8, 125.3 and 84.6° in I，and 74.1, 54.5 and 9 0 . 0 � i n II The 
geometry about the carboxylate groups [C-0 = 1.180(8) and 1.336(6) A, O-C-0 = 
124 .7 (5 )� fo r I; C -0 = 1.200(6) and 1.313(8) A, O-C-0 = 123 .5 (6 )� fo r II] is 
comparable to those in [Ph3P(CH2)2CO2H]^ of 4.1.2. This result indicates that the 
induction effect of the Ph3P+ moiety on the carboxylato group may become less 
important as the number of methylene spacers between the Ph3P+ moiety and the 
carboxylato group is increased. 
The independent [Ph3P(CH2)3CO2H]^ cations form donor hydrogen bonds to a 
NO3" anion, which exhibits tow-fold orientational disorder, to give a bridged dimeric 
structure. The dihedral angles between the NO3" and the carboxylato groups are 68.0 
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Figure 4.1.9. ORTEP drawing of the molecule structure and atom numbering scheme 
of the bridged [{Ph3P(CH2)3CO2Hha^O3)]+ moiety in 4.1.4. Hydrogen atoms are 
omitted for clarity, and hydrogen bonds are indicated by broken lines. The thermal 




4.2. Cadmium(II) Complexes with Tertiary Phosphine Betaines 
The coordination chemistry of cadmium(II) in both the non-biological and 
biological areas has been the subject of intensive r e s e a r c h . Recently, particular 
interest is focused on the relationship between ^^^d solid NMR and crystal structures 
of model compounds of some metalloproteins^^"^^ because the ^ c d nucleus has 
favorable NMR properties^^-^^ (with nuclear spin V2 and receptivity 155) as compared 
to some native metals, e.g., Zn?+，Ca�+ and Mg】+，which play important roles in the 
catalytic mechanism of some enzymes. Upon substitution of the native metal ion with 
ii^ Cd，the catalytic activity can be partially or fully restored. All these considerations 
render the ^^^Cd nucleus an excellent metallobioprobe in biophysical and bioinorganic 
studies. 
In the coordination chemistry of cadmium(II), complexes with carboxylic acid or 
carboxylic acid-like ligands figure prominently，蘭 This is ascribed to two factors. 
First of all, cadmium(II) has a d^^ electron configuration which rules out ligand-fieId 
stabilization in its complexes and, as a consequence, adapts well to a variety of 
stereochemical environments. A recent statistical survey of 200 crystal structures of 
cadmium(II) complexes o f low molecular weight showed that cadmium(II) has 
coordination numbers of 4, 5 and 6 in about 19, 8 and 56%, respect ively" Another 
statistical study on the structural aspects of metal ion-carboxylate interactions showed 
that the maximum deviation of the cadmium(II) atom from the carboxylate plane can 
reach up to ~1.5 A, but for most transition metal ions such as manganese(II, III)， 
cobalt(II, III), nickel(II), iron(II, III)，copper(I, II) and zinc(II), they tend to lie in the 
carboxylate plane.^^ This means the cadmium(II) ion is more accommodating to the 
arrangement of carboxylate ligands in its coordination sphere. Secondly, the 
carboxylato group has a 7C-C0njugated system with two lone pairs on each oxygen 
atom, which facilitate a variety of coordination modes to metal ions. 
Cadmium(II) intrinsically tends to form polymeric structures with carboxylic acids. 
The crystal structures of a number of simple cadmium(II) carboxylates as well as 
complexes with amino acids and tertiary amine betaines have been determined, most of 
which showing one-, two- or three-dimensional arrangements of carboxylate groups 
bridging adjacent Cd(II) a t o m s . ' � ' . On the other hand, cadmium(II) carboxylates 
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containing both monomeric and oligomeric discrete units are relatively rare. Known 
examples include the unusual monomeric complex [Cd(PhOCH2CO2)2(H2O)2]"^ in 
which the cadmium(II) atom is chelated by two carboxylic acid ligands in the 
equatorial plane and two trans aqua ligands occupying the axial positions; binuclear 
complexes such as [Cd2{^i-F3CC02-a0 O4(PPh3)2],'' [CM2(MeC02){SCOSfH2)2)4],"o 
and [{Cd2(BET)2(H20)2Cl2(^i-Cl)2] (BET = Me3NXH2CO2');"^ trinuclear species such 
as [Cd3(C19H13N3O2)2(MeCO2)2(dmf)2];" [CM3(Hedta)2(H2O)6].4H2O"3-"4 and 
[Cd3(pyBET)4Cl6]"5 (pyBET = C5H5N+CH2CO2); tetranuclear complexes such as 
[Cd4(C2iHi7N302)2(MeC02)4].(dmf>H20 "2 and [Cd4(phdta)2(H2O)8].8H2O (phdta = 
pphenylenediamine-A^A/^',A^'-tetaacetato)."6 The trinuclear and tetranuclear 
complexes except [Cd3(pyBET)4Cl6] all involve multidentate ligands. 
4.2.1. "Paddle wheel-like" cadmium(II) complexes 
The tetrakis(^i-carboxylato-0,0 0 dimetal complexes, although first prepared in 
1844 as chromium(II) acetate monohydrate, were not documented until the 1953 
structural determination of copper(II) acetate monohydrate."7 Since then the tetrakis( 
|i-carboxylato-0,0') dimetal complexes of many transition elements such as Cu(II), 
Cr(II), Rh(II) and Mo(II) have been prepared and fully characterized by a variety of 
physical methods to elucidate the nature of the metal-metal multiple bond.^ '^^ ^ For 
cadmium(II) carboxylates, [Cd2(CF3CO2)4(PPh3h] is the only authenticated example 
that possesses a paddle wheel-like tetrakis(^i-carboxylato)bridged dimetal core?! 
Results and discussion 
Reaction of Ph3P (^CH2)2CO2' with Cd(NO3)2.4H2O in distilled water led to the 
formation of [Cd{Ph3P(CH2)2CCM20SfO3)]20^Cb)2 4.2.1; with Cd(ClO4).xH2O which 
was prepared from the reaction of CdO and HClO4 (70%), and Ca(>[03)2.4H20 
afForded [Cd{Ph3P(CH2)2CO2)h(NO3)]2(ClO4)2 4.2.2; and with Cd(ClO4).xH2O and 





The coordination of a carboxylate group to Cd(II) causes a red shift of both 
asymmetric and symmetric C - 0 stretching frequencies. The difference between the 
asymmetric and symmetric stretching of a carboxylate group is commonly used to 
estimate its coordination mode to metal ions.^ -'^ ®''^ ^ For ligand Ph3P^(CH2)2CO2" and 
complexes 4.2.1-4.2.3, Av = Va— - Vsym are 214 cm \ 249 c m ' � 2 5 0 cm" and 253 
cm'i，respectively. As there is no significant difference between the latter three values, 
the bridging mode of the carboxylate group with metal ions does not change the 
symmetry of the group significantly. 
Structures of[Cd{PhsP(CH2)2CO2h(NO3)]2(NO3)2 (4.2,1) cmd[Cd{PksP(C^C02)2-
(N0s)]2(Cl04)2(4.2,2). 
Complex 4.2.2 is isomorphous with 4.2.1. These two complexes comprise discrete 
cations [Cd(Ph3P(CH2)2CO2)2O^O3)]2'' and anions NO3" (4.2.1) or ClO4- (4.2.2) 
packed together in the crystal lattice. 
%c^: ^^ 
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Figure 4.2.1. Molecular structure and atom numbering of the 
[{Cd[Ph3P(CH2)2CO2]2a^O3)h]2+ dication in 4.2.1 and 4.2.2. 




Table 4.2.1. Selected bond lengths (A) and angles (。）for 4.2.1 and 4.2.2. 
4.2.1 4.2.2 4.2.1 4.2.2 
Cd(l)-0(1) 2.254(7) 2.240(7) Cd(l)-0(3) 2.242(8) 2.220(8) 
Cd(l)-0(5) 2.428(7) 2.426(8) Cd(l)-0(6) 2.389(8) 2.409(10) 
Cd(l)-Cd(la) 3.278(2) 3.278(2) Cd(l)-0(2a) 2.223(7) 2.231(9) 
Cd(l)-0(4a) 2.235(8) 2.235(10) C(21)-0(1) 1.238(11) 1.223(13) 
C(21)-0(2) 1.250(13) 1.252(16) C(42)-0(3) 1.244(12) 1.253(14) 
C(42)-0(4) 1.256(13) 1.253(16) N(l)-0(5) 1.206(11) 1.205(14) 
N(l)-0(6) 1.208(9) 1.228(11) N(l)-0(7) 1.244(9) 1.220(14) 
0(l)-Cd(l)-0(3) 87.1(3) 87.3(3) 0(l)-Cd(l)-0(5) 117.2(3) 118.3(4) 
0(3)-Cd(l)-0(5) 82.4(3) 83.1(3) 0(l)-Cd(l)-0(6) 83.3(3) 83.6(3) 
0(3)-Cd(l)-0(6) 117.7(3) 117.4(4) 0(5)-Cd(l)-0(6) 50.2(2) 49.9(3) 
0(1)-Cd(l)-Cd(la) 75.9(2) 75.6(2) 0(3)-Cd(l)-Cd(la) 76.0(2) 76.3(2) 
0(5)-Cd(l)-Cd(la) 154.3(2) 154.8(2) 0(6)-Cd(l)-Cd(la) 154.7(2) 154.7(2) 
0(l)-Cd(l)-0(2a) 153.1(3) 153.0(3) 0(3)-Cd(l)-0(2a) 87.4(3) 88.1(3) 
0(5)-Cd(l)-0(2a) 88.1(3) 87.5(3) 0(6)-Cd(l)-0(2a) 122.3(3) 121.8(3) 
Cd(la)-Cd(l)-0(2a) 77.2(2) 77.5(2) 0(l)-Cd(l)-0(4a) 88.5(3) 87.3(3) 
0(3)-Cd(l)-0(4a) 152.9(2) 153.0(3) 0(5)-Cd(l)-0(4a) 123.0(3) 122.4(4) 
0(6)-Cd(l)-0(4a) 88.3(3) 88.2(4) Cd(la)-Cd(l)-0(4a) 77.0(2) 76.7(2) 
0(2a)-Cd(l)-0(4a) 84.5(3) 84.8(3) C(19)-C(20)-C(21) 115.0(7) 114.2(8) 
C(20)-C(21)-0(1) li6.6(10) 116.6(12) C(20)-C(21)-0(2) 115.4(8) 113.7(9) 
0(l)-C(21)-0(2) 128.0(10) 129.6(11) Cd(l)-0(l)-C(21) 129.6(7) 129.9(9) 
C(21)-0(2)-Cd(la) 129.1(6) 127.2(6) C(40)-C(41)-C(42) 114.3(8) 113.6(10) 
C(41)-C(42)-0(3) 117.6(9) 118.4(11) C(41)-C(42)-0(4) 115.8(9) 114.8(10) 
0(3)-C(42)-0(4) 126.6(10) 126.8(12) Cd(l)-0(3)-C(42) 130.8(7) 130.7(8) 
C(42)-0(4)-Cd(la) 129.5(7) 129.4(8) 0(5)-N(l)-0(6) 115.8(7) 113.9(10) 
0(5)-N(l)-0(7) 122.2(7) 123.9(9) 0(6)-N(l)-0(7) 122.1(8) 122.2(10) 
Cd(l)-0(5)-N(l) 95.8(4) 97.7(6) Cd(l)-0(6)-N(l) 97.7(6) 97.8(7) 
Symmetry transformations: a -x, -y, -z. 
As depicted in Fig. 4.2.1, in the discrete centrosymmetric dimeric cation [{Cd[Ph3P-
(CH2)2CO2]20^^C>3)h]2+, four Ph3P+(CH2)2CO2- ligands lay « 90° apart about the 
Cd...Cd direction bridge the metal centers in a syn-syn manner. The apical sites at both 
terminals of the C d - C d axis are each occupied by a chelating NOs" ligand, and the 
angle between the plane 0(5)-N(l)-0(6) and the plane 0( l ) -Cd( l ) -0(3) is 4 8 . 4 � T o 
our knowledge, this is the only example of this kind of complexes which has the apical 
site occupied by a chelating ligand. The Cd(l)".Cd(la) separation is 3.278(2) A, 
which indicates that there is no significant interaction between the metal atoms (the 
interatomic distance in metallic cadmium is 3.04 A).^ ^^ The coordination geometry 
about the cadmium ion is best described as a distorted CdOe octahedron with 
Cd-0(carboxylate) distances lying between 2.223 and 2.255 A, and the C-0-Cd angles 
in the range 129.1-130.8°, the most distorted angle being 0(5)-Cd(l)-0(6) at 50.2(2)°. 
The tetrakis- (^i-carboxylato-0,0 0 dimetal skeleton of this compound conforms 
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closely to idealized D^h symmetry as both carboxylate oxygen atoms of each ligand 
Ph3P+(CH2)2COf are symmetrically coordinated to the metals. The angle 
C d ( l a ) - C d ( l ) - N ( l ) = 173.6°，so the metal atoms lie approximately on a C2 symmetry 
axis. This is different from that of the structure of [{Cd(CF3CO2)2(Ph3Ph] in which 
one of the carboxylato groups is seriously distorted]^ The Cd-0(nitrato) distances of 
2.389(8) A and 2.428(7) A are significantly shorter than those [2.542(5) and 2.488(6) 
A] in Cd(OH)OsfCb).i2o 
Complex 4.2.2 is isomorphous with complex 4.2.1, and changing the counter anion 
from nitrate to perchlorate has no appreciable effect on the structure of the tetrakis(^i-
carboxylato-O,O0 dimetal dication (Table 4.2.1). The non-bonded C d ( l ) - C d ( l a ) 
distance is3.278(2) A. 
Structures of[{Cd[Ph3P(CH2)2C02]2Cl>2](Cl04)2 (4.2.3) 
Complex 4.2.3 contains a packing of[{Cd[Ph3P(CH2)2C02]2Cl)2]2+ dications and 
ClO4- anions. 
Table 4.2.2. Selected bond lengths (A) and bond angles (。）for 4.2.3. 
Cd(l)-Cl(l) 2.432(8) Cd(l)-0(1) 2.251(6) 
Cd(l)-Cd(lc) 3.361(2) Cd(l)-0(2a) 2.236(7) 
C(19)-C(20) 1.527(17) C(20)-C(21) 1.514(13) 
C(21)-0(1) 1.257(14) C(21)-0(2) 1.255(14) 
0(2)-Cd(la) 2.236(7) 
Cl(l)-Cd(l)-0(1) 103.7(2) Cl(l)-Cd(l)-Cd(lc) 177.1(1) 
CXl)-Cd(l)-Cd(la) 78.4(2) Cl(l)-CcKl)-0(la) 103.7(2) 
0(l)-Cd(l)-0(la) 84.9(3) Cd(la)-Cd(l)-0(la) 78.4(2) 
Cl(l)-Cd(l)-0(2a) 105.0(3) 0(l)-Cd(l)-0(2a) 151.3(3) 
Cd(la)-Cd(l)-0(2a) 73.0(2) 0(la)-Cd(l)-0(2a) 88.5(2) 
Cl(l)-Cd(l)-0(2b) 105.0(3) CKl)-Cd(l)-0(2b) 88.5(2) 
Cd(la)-Cd(l)-0(2b) 73.0(2) 0(la)-CcKl)-0(2b) 151.3(3) 
0(2a)-CcKl)-0(2b) 84.0(4) Cd(l)-0(l)-C(21) 126.0(6) 
C(21)-0(2)-Cd(la) 135.0(7) C(19)-C(20)-C(21) 114.5(10) 
C(20)-C(21)-0(1) 117.0(10) C(20)-C(21)-0(2) 115.3(10) 
0(l)-C(21)-0(2) 127.6(8) 
SymmetQ^ transformation: a x, l-y, z; b 1-x, l-y, 2-z; c 1-x，y，2-z. 
As illustrated in Figure 4.2.2, the dication of complex 4.2.3 has a tetrakis(^i-





apical site at each terminal of the Cd."Cd axis is now occupied by a chloride anion. 
The non-bonded Cd(l>. .Cd(la) distance in the unit [{Cd[Ph3P(CH2)2CO2]2Clh]2+ is 
3.361(2) A. The cadmium ion is five-coordinated in a CdO4Cl square pyramid. The 
Cd-0 distances are 2.236(7) and 2.251(6) A，and the Cd-Cl distance is 2.432(8) A. In 
comparison with [{Cd[Ph3P(CH2)2CO2]20^O3)h]2+, the structure of % ‘ 
: [{Cd[Ph3P(CH2hC02]2Cl)2]2+ is significantly distorted, the difference between angles 
Cd(l ) -0( l ) -C(21) and Cd(lc)-0(2)-C(21) being 9。， 
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Figure 4.2.2. Molecular structure and atom numbering of the 
[{Cd[Ph3P(CH2)2CO2]2Clh]2+ dication in 4.2.3. Hydrogen atoms are 
omitted for clarity. Ellipsoids enclose 35% probability. 
With a delocalized 7i-system and a pair of lone-pair electrons on oxygen atoms, the 
carboxylate group, as one of the common triatomic bridging ligands, is of special 
importance for multiply bonded M-M systems. The effects of different carboxylates 
and axial ligands on the M-M distance have been extensively discussed, especially for 
Cr-Cr multiple bonds."，i8,i9 ^ has been concluded that the M-M distance depends not 
only on the nature of the bridging carboxylate moiety, but also on the coordination 
strength of the axial ligands: the more basic the carboxylic acid anion, the shorter the 
M-M distance, and the stronger the axial ligand, the longer the M-M distance. 
According to the Pearson acid-base t h e o r y , � bonds will normally form only when 
the Lewis-acid strength of the electron acceptor is close to the Lewis-base strength of 





large, the ligand will be deformed to adjust its base strength in order to match the acid 
strength o f t h e metal. On the other hand, the coordination of a ligand to a metal center 
will change the acid strength of the metal ion, such that it will be reduced if the base 
strength of the ligand is high, and vice versa. So it can be generalized that the softer 
the axial ligand and the weaker the base strength of the carboxylate group, the more 
distorted the carboxylate group becomes. 
In view of the induction effect of the Ph3P+ moiety, it can be expected that the base 
strength of the ligand Ph3P^(CH2)2CO2" lies between those of acetic acid and 
trifluroacetic acid (C-0 bond length and O-C-0 bond angle are 1.26A; 124。，and 1.24 
A; 128。，respectively).122 On the other hand, according to the Pearson acid-base 
classification, cadmium(II) is a soft acid and the hardness of C1, 0 and P varies in the 
order 0>CI>P.^^^ In all three complexes 4.2.1-4.2.3 the C d - C d distance is 
significantly shorter than that o f3 .452( l ) A in [{Cd(CF3CO2)2Ph3Ph] (0.174, 0.174 
and 0.091 A shorter, respectively), which is similar to the result obtained from 
analogous chromium(II) carboxylate complexes.^^ In complexes 4.2.1 and 4.2.2, the 
tetrakis(^i-carboxylato-0,0 ) dimetal frame has a high symmetry, but for complex 4.2.3 
the carboxylate group is significantly distorted (the difference between angles 
Cd(l)-0(l)-C(21) and Cd(lc)-0(2)-C(21) is 9。)，although to a much lesser extent than 
in [{Cd(CF3CO2)2PWPh] (4 .6�and 45.2。，respectively). It is obvious that besides the 
steric interaction between the bulky axial ligand and carboxylate group, there is a 
significant electronic interaction which accounts for the observed distortion. 
4.2.2. Discrete Mono-, Bi-, Tri- and Tetra-nuclear Complexes of Cadmium( I^ 
with Ph3P^(CH2)2CO2 
Results and discussion 
Reaction of Ph3P'(CH2)2CO2' with Cd(ClO4)2.xH2O at a ratio o f 2 ; l in dmfTHzO 
gave the complex [Cd{Ph3P(CH2)2CCb)4(H20)2](C104)2.2H20 (4.2.4); with 
CdCl2.2H2O at a ratio of 2:1 in dmOT2O led to the formation of complex 
[CdCl2{Ph3P(CH2)2C02h].7H20 (4.2.5); with CdI2 at a ratio o f 2 : l in dmfgave the 




H2O/CH3CN yielded the complex /m"6.-Cd(H20)4[Cl2Cd(^i-Cl){Ph3P(CH2)2C02)]2 
•4H2O (4.2.7); and with CdBr2 at a ratio o f l : 2 in H2O/CH3CN afforded the complex 
[Cd2Br4{Ph3P(CH2)2C02)2]2-dmf(4.2.8) after recrystallized in dmf/H2O. 
Structure of[Cd{PhsP(CH2)2C02}4(H20)2](a04)2.2H20 (4,2.4) 
Complex 4.2.4 consists of [Cd{Ph3P(CH2)2CO2WH2O)2]2+ cations, ClO4" anions 
and H2O molecules packed in the crystal lattice. In the cation the cadmium(II) atom is 
located at an inversion center and six-coordinated by two trans aqua ligands [Cd-0 = 
2.308(3) A] and two pairs of unidentate Ph3PXCH2)2CO2" ligands [Cd-0 = 2.219(5) 
and 2.231(4) A] in a nearly perfect octahedral environment (the bond angles about the 
Cd(II) atom ranging from 88.7-92.3°). 
Table 4.2.3. Selected bond lengths (A) and angles (°) for 4.2.4. 
Cd(l)-0(lw) 2.308 (3) Cd(l)-0(2) 2.219(5) 
Cd(l)-0(4) 2.231(4) C(21)-0(1) 1.239 (6) 
C(21)-0(2) 1.230 (5) C(42)-0(3) 1.229(6) 
C(42)-0(4) 1.244 (5) 
0(lw)-Cd(l)-0(2) 87.7(1) 0(lvv)-Cd(l)-0(4) 89.1(1) 
0(2)-Cd(l)-0(4) 88.5(2) 0(2)-Cd(l)-0(lwa) 92.3(1) 
CK4)-Cd(l)-0(lwa) 90.9(1) 0(lw)-Cd(l)-0(2a) 92.3(1) 
0(2)-Cd(l)-0(2a) 180.0(1) 0(4)-Cd(l)-0(2a) 91.5(2) 
0(lwa)-Cd(l)-0(2a) 87.7(1) 0(lw)-Cd(l)-0(4a) 90.9(1) 
0(2)-Cd(l)-0(4a) 91.5(2) CK4)-Cd(l)-0(4a) 180.0(1) 
0(lwa)-Cd(l)-0(4a) 89.1(1) 0(2a)-Cd(l)-0(4a) 88.5(2) 
0(l)-C(21)-0(2) 127.0(6) Cd(l)-0(2)-C(21) 131.4(4) 
0(3)-C(42)-0(4) 127.2(5) Cd(l)-0(4)-C(42) 126.7(3) 
Hydrogen bonds 
0(1W>..0(1) 2.704(5) 0(lWy..0(3a) 2.682(5) 
0(2W>"0(1) 2.865(5) 
0( lW>. .0( lh .0(3a) 94.2(1) 0 ( 2 W ) - 0 ( l ) - 0 ( l W ) 89.9(1) 
Symmetry code: a) -x, -y, -z. 
The Cd-0(aqua) bond lengths in 4.2.4 is similar to those found in cadmium(II) maleate 
dihydrate [2.317(5) and 2.281(5) A]' ' ' in which the cadmium(II) atom is coordinated 
in an analogous CdOe octahedral environment, but significantly longer than those in 
[Cd(PA)2(H2O)2] (PAH = phenoxyacetic acid) [2.110(5) A]'�9 in which the 
cadmium(II) atom is in a distorted CdOe octahedral environment with a pair of 




such a way that each aqua ligand forms strong intramolecular hydrogen bonds [ 0 - 0 = 
2.682(5) and 2.704(5) A] with the pendant oxygen atoms of two adjacent betaine 
ligands (Fig. 4.2.3). 
(^¾¾^ ^^^ 1 ^ J . 
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Figure 4.2.3. Molecular structure and atom numbering of the [Cd{Ph3P(CH2)2CC>2)4-
OH2O)2]2+ dication in 4.2.4. Hydrogen atoms are omitted for clarity, and hydrogen bonds 
are indicated by broken lines. The thermal ellipsoids are drawn at the 35% possibility 
level. 
To our knowledge, this complex provides the first example among cadmium(II) 
carboxylates in which the Cd(II) atom is coordinated by four unidentate carboxylate 
groups. A plausible reason for the occurrence of this unusual complex is ascribed to 
the strong intramolecular hydrogen bonds which play a dominant role in stabilizing the 
octahedral coordination geometry involving both the aqua and unidentate betaine 
ligands. On the other hand, the Cd-0(carboxylate) distances and the geometry of the 
carboxylate groups in 4.2.4 are comparable to those in 4.2.1-4.2.3 (Table 4.2.4), and 
so the carboxylate groups in 4.2.4 may be described as acting in a "pseudo syn-syn 
bidentate bridging" mode. 
Table 4.2.4. Cd-0(carboxylate) distances and the geometry of carboxylate groups for 
complexes 4.2.4 and tetrakis-0,0 -carboxylato dicadmium(II) complexes 4.2.1-4.2.3, 
Complex Cd-0 (A) C-0 (A) O-C-0 (°) 
[Cd{Ph3P(CH)2CO2h(NO3)]2(NO3)2 4.2.1 2.254(7), 2.240(7) 1.24(1), 1.25(1) 128(1) 
2.223(7), 2.235(8) 1.24(1), 1.26(1) 127(1) 
[Cd{Ph3P(CH)2C02>2GSf03)]2(C104)2 4.2.2 2.240(7), 2.220(8) 1.22(1)，1.25(2) 130(1) 
2.231(9),2.24(1) 1.25(1), 1.25(2) 127(1) 
[Cd{Ph3P(CH)2CO2hCn2(ClO4)2 4.2.3 2.251(6),2.236(7) 1.26(1), 1.26(1) 127.6(8) 
[Cd{Ph3P(CH2)2C02>4(H20)2] 4.2.4 2.219(5),2.231(4) 1.239(6)，1.230(5) 127.0(6) 
(C104)2.2H20 1.244(5), 1.229(6) 127.2(5) 
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Structure of[CdCl2{PhsP(CH2)2CChJ2].7H2O (4.2.5) 
Complex 4.2.5 consists of a packing of mononuclear species [CdCl2{Ph3P-
(CH2)2CO2h] and lattice H2O molecules. The cadmium(II) atom is in a CdCl2O4 
environment, being asymmetrically chelated by two Ph3P^(CH2)2CO2' ligands [Cd-0 = 
2.312(9), 2.568(9)，A(Cd-0) = 0,256 A; 2.285(8), 
2.575(8), A(Cd-0) = 0.290 A] with 0 " 0 bite distances of2 .241 and 2.200 A, and 
surrounded by two cis chloro ligands [2.487(4) and 2.481(4) A] with a Cl-Cd-Cl angle 
o f l 0 8 . 9 ( l ) � ( F i g . 4.2.4). 
Table 4.2.5. Selected bond lengths (A) and angles (°) for 4.2.5. 
Cd(l)-Cl(l) 2.487 (4) Cd(l)-Cl(2) 2.481 (4) 
Cd(l)-0(1) 2.306 (9) Cd(l)-0(2) 2.567 (9) 
Cd(l)-0(3) 2.287 (8) Cd(l)-0(4) 2.576 (8) 
C(21)-0(1) 1.28(2) C(21)-0(2) 1.25 (2) 
C(42)-0(3) 1.27 (1) C(42)-0(4) 1.22 (2) 
Cl(l)-Cd(l)-Cl(2) 108.8(1) CI(l)-Cd(l)-0(l) 108.5(2) 
Cl(2)-Cd(l)-0(1) 96.8(2) Cl(l)-Cd(l)-0(2) 97.3(2) 
Cl(2)-Cd(l)-0(2) 146.8(2) 0(l)-Cd(l)-0(2) 54.5(3) 
Cl(l)-Cd(l)-0(3) 96.9(2) Cl(2)-Cd(l)-0(3) 104.4(2) 
0(l)-Cd(l)-0(3) 139.5(3) 0(2)-Cd(l)-0(3) 92.1(3) 
Cl(l)-Cd(l)-0(4) 148.1(2) Cl(2)-Cd(l)-0(4) 91.7(2) 
0(l)-Cd(l)-0(4) 92.5(3) 0(2)-Cd(l)-0(4) 75.2(3) 
0(3)-Cd(l)-0(4) 53.4(3) C(20)-C(21)-0(1) 116(1) 
C(20)-C(21)-0(2) 119(1) 0(l)-C(21)-0(2) 125(1) 
Cd(l)-0(l)-C(21) 95.8(8) Cd(l)-0(2)-C(21) 84.7(7) 
0(3)-C(42)-0(4) 124(1) Cd(l)-0(3)-C(42) 97.6(7) 
Cd(l)-CK4)-C(42) 85.1(6) 
Hydrogen bond 
Cl(l)-0(6wa) 3.361(7) Cl(2)-0(lvvb) 3.145(7) 
0(2)-0(2vv) 2.95(1) 0(4)...0(lw) 2.85(1) 
0(lw>"0(6wb) 2.92(1) 0(5w)-0(6w) 2.82(1) 
0(2wh.0(5w) 2.90(1) 0(2w)-0(7w) 2.85(1) 
0(7w)-0(3w) 2.83(1) 0(7w)-0(4w) 2.83(1) 
0(lw>..0(4)-Cd(l) 106.3(4) 0(2w>..0(2)-Cd(l) 112.5(4) 
Cl(l)-Cd(l)-0(6wa) 98.3(2) Cl(2)-Cd(l)-0(lwb) 96.2(2) 
0(2w>..0(5w>..0(6w) 140(1) 0(5wh.0(2w>..0(2) 105(1) 
0(7w)."0(2w)-0(2) 116(1) 0(5w>..0(2vv>"0(7w) 138(1) 
0(2w)...0(7w)...0(3w) 132(1) 0 (2w� . . 0 (7w)-0(4w) 98(1) 
0(3w)-0(7w)...0(4w) 129(1) 
Symmetry codes: a) x, y, l+z; b) '/2 - x，y，'/2 + z. 
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The dihedral angles between the CdCl2 plane and each of the two carboxylato chelate 
rings are 70.9 and 74.0。，and that between the chelate rings is 72.2� . The coordination 
geometry about the cadmium(II) atom is best described as a distorted octahedron with 
the chelate bond angles O-Cd-0 at 53.4(3) and 54.5(3)°. 
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Figure 4.2.4. Molecular structure and atom numbering of [CdCl2{Ph3P(CH2)2C02)2] 
•7H2O 4.2.5. Hydrogen atoms are omitted for clarity, and hydrogen bonds are 
indicated by broken lines. The thermal ellipsoids are drawn at the 35% possibility 
level. 
It is noteworthy that the angles between the vectors from the cadmium(II) atom to the 
midpoints of the C^"0 line of individual carboxylato groups and to the chloro ligands 
lie in the range 98.5-124.5°, which are close to the expected tetrahedral bond angle in 
an idealized environment. This structural feature has been noted in a few 
eight-coordinated complexes, where the ligand bite distances are less than 2.2 Aj23-125 
However, the structure of4.2 .5 is different from that of [Cd(PhOCH2CO2)2(H2O)2]'^ 
in which the cadmium(II) atom is symmetrically chelated by a pair of carboxylate 
ligands [Cd-0 = 2.363(4), 2.365(4) A] in the equatorial plane and the axial positions 
are occupied by two water molecules. The tightly-bound Cd-0 bond lengths in 4.2.5 
a r e significantly longer than those in [Cd(PhOCH2CO2)2(H2O)2], being consistent with 
the asymmetric chelate mode of the betaine ligand which releases the high strain 




The Cd-Cl distances in complex 4.2,5 are significantly longer than that found in 
4.2.3 [2.432(8) A] in which the Cd(II) atom is five-coordinated, and is similar to those 
in [Cd2(BET)2(H20)2Cl2(^i-Cl)2] [Cd-Cl(terminal) 2.480(2) A]" ' and [Cd3(pyBET)4-
Cl6] [2 .497( l )A ] "5 
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Figure 4.2.5. Stereoview of the crystal structure of complex 4.2.5. Ph3P groups are 
represented simply as a C3P fragment, hydrogen atoms are omitted for clarity, and 
hydrogen bonds are indicated by broken lines. The origin of the unit cell lies at the left 
upper comer with a pointing from left to right, b toward the reader, and c downward. 
Another interesting feature of complex 4.2.5 is that it is highly hydrated. Consequently 
the monomeric entities are linked by donor hydrogen bonds from solvated water 
molecules to the chloro ligands and oxygen atoms of the betaine ligands to form a 
polymeric chain extending parallel to c. Such chains are further joined by hydrogen 
bonds to form a layer which is perpendicular to b and intersects it at b/A. Hence the 
interlayer distance between adjacent layers is h!2 = 9.864 A. Within each layer, eight 
water molecules and one chloro ligand form a nine-membered ring and two of the 
water molecules are shared by adjacent rings (Fig. 4.2.5). The PPh3 groups protrude 
on both sides of each layer and are located above the nine-membered rings. 
Structure of[CdI2{Ph3P{CH2)2CO2}]2 (4.2.6) 
Complex 4.2.6 comprises a packing of discrete [Cdl2{Pli3P(CH2hC02)]2 




related by an inversion center are linked by the oxygen atoms of two Ph3P^(CH2)2CO2' 
ligands [Cd( l ) -0 ( l ) = 2.31(1), Cd( l ) -0 ( l a ) = 2.49(1) A] to give a Cd2O2 unit. Each 
betaine ligand also acts in a chelate mode toward a cadmium(II) atom [ C d ( l ) - 0 ( 2 ) = 
2.47(1) A, Cd( l ) -0(1) = 2.31(1) A], whose distorted trigonal-bipyramidal 
coordination polyhedron is completed by two iodo ligands [Cd-I = 2.701(2) and 
2.706(1) A; I -Cd- I=121 .6 ( l )� ] . 
Table 4.2.6. Selected bond lengths (A) and angles (。）for 4.2.6. 
Cd(l)-I(l) 2.701 (2) Cd(l)-I(2) 2.706 (1) 
Cd(l)-0(1) 2.31 (1) Cd(l)-0(2) 2.46(1) 
Cd(l)-0(la) 2.49(1) C(21)-0(1) 1.23 (2) 
C(21)-0(2) 1.22(2) 
I(l)-Cd(l)-I(2) 121.6(1) I(l)-Cd(l)-0(1) 113.8(2) 
I(2)-Cd(l)-0(1) 124.5(2) I(l)-Cd(l)-0(2) 104.5(3) 
I(2)-Cd(l)-0(2) 106.8(2) 0(l)-Cd(l)-0(2) 53.4(4) 
I(l)-Cd(l)-0(la) 97.7(2) I(2)-Cd(l)-0(la) 102.4(2) 
0(l)-Cd(l)-0(la) 71.9(5) 0(2)-Cd(l)-0(la) 125.3(4) 
C(20)-C(21)-0(1) 121(1) C(20)-C(21)-0(2) 117(1) 
0(l)-C(21)-0(2) 123(2) Cd(l)-0(l)-C(21) 95.3(8) 
Cd(l)-0(1)-Cd(la) 108(1) C(21)-0(l)-Cd(la) 157(1) 
Cd(l)-0(2)-C(21) 89(1) 
Symmetry code: a) -x, l-y, l-z. 
The non-bonded Cd...Cd separation of 3.885(1) A in 4.2.6 is much longer than those 
(3.278，3.361 A) found in 4.2.1-4.2.3, On the other hand, all six atoms Cd(l), Cd(la), 
0(1), 0(2), 0 ( l a ) and 0(2a) lie in a plane with a mean atomic deviation of 0.012 A. 
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Figure 4.2.6. Molecular structure and atom numbering of [CdI2{Ph3P(CH2)2CO2}h 
4.2.6. Hydrogen atoms are omitted for clarity. The thermal ellipsoids are drawn at 
the 35% possibility level. 122 
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In complex 4.2.6 the betaine ligand exhibits both mono-atom bridging and bidentate 
chelate modes which is relatively rare among metal carboxylates.''^ Examples of this 
coordination mode of carboxylato groups for cadmium(II) complexes as well as the 
relevant Cd-0 bond lengths are listed in Table 4.2.7. 
Table 4.2.7. Cd-0 bond lengths (A) in carboxylate exhibiting the combined 
monoatomic bridging and bidentate chelating mode. 
7^  




Complex c/i d: ch Ref. 
a [CdI2{Pli3P(CH2)2CCM]2 2.47(1) 2.31(1) 2.49(1) This work 
b [Cd(O2CMe)2].2H2O 2.294(4) 2.259(3) 2.297(4) 49 
c [CcL|Sn4(^4-O)2(O2CMe),0(OCH2Bu'),0l 2.31(2) 2.35(2) 2.26(2) 54 
d [{CdCHOC6H4CO2)2.2H2Oh] 2.314 2.535 2.271 97 
e [Cd{Me3N(CH2)2C02}G^CS)2� 2.432(3) 2.346(3) 2.486(2) 108 
f [{CcKHsal)2.2H2O)2] 2.325(7) 2.530(4) 2.291(4) 127 
g [Cd4(plidta)20l2O)8] 2.391(5) 2.463(5) 2.380(8) 116 
Hsal = salicylic acid. 
The values of di, d2 and d^ do not show any obvious trend. In 4.2.6，[Cd(O2CMe)2] 
.2H2O49 and [Cd{Me3N(CH2)2CO2}(^CS)2]‘‘‘ d^ is greater than d2, but the reverse 
relation holds for all other complexes presented in Table 13, although theoretical and 
experimental studies have indicated that the syn lone pairs of carboxylato group are 
more basic than the anti lone pairs.^ -^^ ^ These results suggest that the Cd-0 bond 
lengths di’ d2 and d^ are mainly influenced by geometrical factors rather than the 
electronic properties of the lone pairs of the carboxylato group. 
Structure oftranS'Cd(H2O)4[Cl2Cd(|Li-Cl) {PhsP(CH2)2CO2}]r2H2O (4.2.，) 
Complex 4.2.7 consists of discrete centrosymmetric tranS'Cd(H2O)4[ChCd(ju-
Cl){PhsP(CH2)2CO2}]i and water molecules packed in the crystal lattice. In the 
chloro-bridged trinuclear molecule the cadmium(II) atoms are in two kinds of 




Cd(2) atom at an inversion center is coordinated in an elongated octahedral 
environment by four aqua ligands lying in the equatorial plane [Cd-0 = 2.283(7) and 
2.285(6) A] and two chloro ligands occupying the axial positions [Cd-Cl = 2.626(2) 
A], whereas the terminal Cd(l) atom is five-coordinated, which is relatively rare in 
cadmium(II) complexes.'^^ 
Table 4.2.8. Selected bond lengths (A) and angles (。）for 4.2.7. 
Cd(l)-Cl(l) 2.440 (3) Cd(l)-Cl(2) 2.442 (3) 
Cd(l)-Cl(3) 2.541 (2) Cd(l)-0(1) 2.290(6) 
Cd(l)-0(2) 2.541 (7) Cd(2)-Cl(3) 2.626 (2) 
Cd(2)-0(lW) 2.283 (7) Cd(2)-0(2W) 2.285 (6) 
C(21)-0(1) 1.25(1) C(21)-0(2) 1.24(1) 
Cl(l)-Cd(l)-Cl(2) 108.8(1) Cl(l)-Cd(l)-Cl(3) 104.8(1) 
Cl(2)-Cd(l)-Cl(3) 102.5(1) Cl(l)-Cd(l)-0(1) 103.7(2) 
Cl(2)-Cd(l)-0(1) 137.6(2) Cl(3)-Cd(l)-0(1) 94.5(2) 
Cl(l)-Cd(l)-0(2) 109.3(2) Cl(2)-Cd(l)-0(2) 89.8(2) 
Cl(3)-Cd(l)-0(2) 137.4(2) 0(l)-Cd(l)-0(2) 53.5(2) 
Cl(3)-Cd(2)-0(lW) 90.8(2) Cl(3)-Cd(2)-0(2W) 91.7(2) 
0(lW)-Cd(2)-0(2W) 88.7(2) Cl(3)-Cd(2)-Cl(3a) 180.0(1) 
0(lW)-Cd(2)-Cl(3a) 89.2(2) 0(2W)-Cd(2)-Cl(3a) 88.3(2) 
Cl(3)-Cd(2)-0(lWa) 89.2(2) 0(lW)-Cd(2)-0(lWa) 180.0(1) 
0(2W)-Cd(2)-0(lWa) 91.3(2) Cl(3a)-Cd(2)-0(lWa) 90.8(2) 
Cl(3)-Cd(2)-0(2Wa) 88.3(2) 0(lW)-Cd(2)-0(2Wa) 91.3(2) 
0(2W)-Cd(2)-0(2Wa) 180.0( 1) Cl(3a)-Cd(2)-0(2Wa) 91.7(2) 
0(lWa)-Cd(2)-0(2Wa) 88.7(2) Cd(l)-Cl(3)-Cd(2) 123.4(1) 
0(l)-C(21)-0(2) 122.4(7) Cd(l)-0(l)-C(21) 97.8(5) 
Cd(l)-0(2)-C(21) 86.3(5) 
Hydrogen bond 
0(3W>..C1(1) 3.32(1) 0(4Wd)-Cl(l) 3.28(1) 
0(lWc)-Cl(2) 3.12(1) 0(1W)-0(1) 2.72(1) 
0(2Wby..0(2) 2.81(1) 0(2W>"0(3W) 2.71(1) 
0(3W)-0(4W) 2.78(1) 0(4wb)...Cl(l) 3.60(1) 
•^•女…口⑴-匚廿⑴ 100.4(2) 0 ( 4 W d h . C l � - C d ( l ) 123.3(2) 
0(lWc>..Cl(2)-Cd(l) 111.4(2) 0(2Wb)-0(2)-Cd(l) 122.1(2) 
0(3W)-0(2W)-Cd(2) 128.0(2) 0(4W)-0(3W)-0(2W) 113.3(6) 
Symmetry codes: a) l-x, -y, -z; b) -l+x, y, z. 
The coordination geometry about Cd(l) is best described as distorted trigonal 
bipyramidal and involves a bidentate betaine ligand [Cd-0 = 2.290(6) and 2.541(7); 
A(Cd-0) = 0.251 A], two terminal chloro ligands [Cd-Cl = 2.440(3) and 2.442(3) A; 




2.541(2) A]. The angles between the vectors from Cd(l) to the midpoint of the 0 . " 0 
line of the carboxylato group and to the chloro ligands lie in the range 102.5-118.4°, 
which are within 土9° of the expected angle in an idealized tetrahedral environment. 
Neighboring cadmium(II) atoms are linked by a single chloro-bridge to form a linear 
trinuclear complex [Cd(l)-Cl(3)-Cd(2) = 123.4(1)°]. 
The Cd-- Cd distance of 4.549(1) A is much longer than those in 4.2.1-4.2.3 and in 
4.2.6, as well as in the double chloro-bridged complex [Cd(Et3NCH2CO2)()^ -Cl)2]n 
^2.375(1) A]."i This may be ascribed to the fact that the single chloro-bridge poses a 
lesser geometrical demand than the ^i-carboxylate-0,0 ‘ linkage and double 
chloro-bridge. The Cd-0(carboxylato) bond lengths and A(Cd-0) values compare well 
with those in complex 4.2.5. On the other hand, in 4.2.7 the Cd-Cl(bridge) bond is 
significantly longer than the Cd-Cl(terminal) bond but similar to those found in 
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Figure 4.2.7. Molecular structure and atom numbering of /raA7^-Cd(H20)4[Cl2Cd(^-
Cl){Ph3P(CH2)2CO2n2.4H2O 4.2.7. Hydrogen atoms are omitted for clarity, and 
hydrogen bonds are indicated by broken lines. The thermal ellipsoids are drawn at the 
35% possibility level. 
As depicted in the stereoview of the crystal structure of complex 4.2.7 (Fig. 4.2.8), 
the linear trinuclear species are linked by donor hydrogen bonds from the aqua ligands 




chain extending parallel to [1 0 0]. The solvated water molecules 0(3W) and 0 (4W) 
and chloro ligand C1(1) constitute a neighboring chain composed of an alternate 
arrangement of four- and six-membered hydrogen-bonded rings [ 0 ( 4 w b ) - C l ( l ) = 
3.60(1) A signified a very weak hydrogen bond]. These two types of chains are cross-
linked by additional hydrogen bonds to form layers matching the (0 0 2) family of 
planes, with the Ph3P groups of the betaine ligands protruding on both sides of each 
layer. 
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Table 4.2.8. Stereoview of the crystal structure of complex 4.2.7. Phenyl groups and 
hydrogen atoms are omitted for clarity, and hydrogen bonds are indicated by broken 
lines. The origin of the unit cell lies at the right upper comer with a pointing from 
right to left, b downward, and c toward the reader. 
Structure of[Cd2Br4{PhsP(ah)CChhh^if(4,2,8) 
Complex 4.2.8 comprises discrete tetranuclear [Cd4Bf8{Pli3P(CH2)C02)4] and 
solvated dimethylformamide (dmf) molecules packed together in the crystal lattice. 
[Cd4Br8{Ph3P(CH2)CO2}4] is a centrosymmetric molecule in which a 12-membered 
ring is constructed from the linkage of four Cd(II) atoms by a pair of bromo ligands 
and a pair of betaine ligands acting in the syn-skew bidentate bridging mode which is 
similar to that in [Cd(CH3C02)2].2H20.49 Further coordination of the Cd(II) atoms is 
provided by two betaine ligands lying above and below the ring in a 1^3 tridentate 
bridging mode, and the remaining ligand sites are occupied by terminal bromo ligands. 




coordination geometry of the core in Fig. 4.2.10, where all atoms of the betaine ligands 
except those o f t h e carboxylato groups are omitted for clarity. 
Table 4.2.9. Selected bond lengths (A) and angles (。）for 4.2.8. 
Cd(l)-Br(l) 2.624 (3) Cd(l)-Br(2) 2.643 (3) 
Cd(l)-Br(3) 2.871 (3) Cd(l)-0(1) 2.381 (9) 
Cd(l)-0(la) 2.41 (1) Cd(l)-0(4a) 2.36(1) 
Cd(2)-Br(3) 2.602 (2) Cd(2)-Br(4) 2.572 (3) 
Cd(2)-0(2) 2.20 (2) Cd(2)-0(3) 2.25 (2) 
C(42)-0(3) 1.30 (3) C(42)-0(4) 1.17(3) 
Br(l)-Cd(l)-Br(2) 108.9(1) Br(l)-Cd(l)-Br(3) 90.1(1) 
Br(2)-Cd(l)-Br(3) 93.4(1) Br(l)-Cd(l)-0(1) 160.6(3) 
Br(2)-Cd(l)-0(1) 90.4(3) Br(3)-Cd(l)-0(1) 86.4(3) 
Br(l)-Cd(l)-0(la) 91.6(3) Br(2)-Cd(l)-0(la) 158.7(3) 
Br(3)-Cd(l)-0(la) 92.0(3) 0(l)-Cd(l)-0(la) 69.4(5) 
Br(l)-Cd(l)-0(4a) 91.5(3) Br(2)-Cd(l)-0(4a) 92.2(4) 
Br(3)-Cd(l)-0(4a) 173.3(3) 0(l)-Cd(l)-0(4a) 90.0(4) 
0(la)-Cd(l)-0(4a) 81.5(4) Br(3)-Cd(2)-Br(4) 107.3(1) 
Br(3)-Cd(2)-0(2) 109.9(3) Br(4)-Cd(2)-0(2) 106.1(3) 
Br(3)-Cd(2)-0(3) 121.1(5) Br(4)-Cd(2)-0(3) 97.4(4) 
0(2)-Cd(2)-0(3) 113.0(5) Cd(l)-Br(3)-Cd(2) 98.9(1) 
0(l)-C(21)-0(2) 126(2) Cd(l)-0(l)-C(21) 125(1) 
Cd(l)-0(1)-Cd(la) 110.6(5) 0(3)-C(42)-0(4) 120(2) 
Cd(2)-0(3)-C(42) 105(1) C(42)-CK4)-Cd(la) 140(1) 
Symmetry code: a) -x, -y, -z. 
The two independent Cd(II) atoms are in chemically distinct environments. The 
octahedral coordination about Cd(l) involves a pair of terminal bromo ligands [Cd-Br 
=2 .624(3) and 2.643(3) A], two oxygen atoms of the tridentate bridging betaine 
ligands [Cd-0 = 2.36(1) and 2.41(1) A], a bridging bromo ligand [Cd-Br = 2.871(3) 
A] and an oxygen atom of the bidentate bridging betaine ligand [Cd-0 = 2.36(1) A]. 
The tetrahedral coordination about Cd(2) consists of a terminal bromo ligand [Cd-Br = 
2.572(3) A], a bridging bromo ligand [Cd-Br = 2.602(2) A], an oxygen atom of the 
bidentate betaine ligand [Cd-0 = 2.25(2) A] and an oxygen atom of the tridentate 
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Figure 4.2.9. Molecular structure and atom numbering of [Cd2Br4{Ph3P(CH2)2C02)2]2 
in 4.2.8. Phenyl groups generated by symmetry operation and hydrogen atoms are 
omitted for clarity. The thermal ellipsoids are drawn at the 35% possibility level. 
In the cage-like tetranuclear core of 5 (Fig. 8), the Cd(l) and Cd(2a) atoms are bridged 
by a pair of betaine ligands to fom an eight-membered ring exhibiting a "chair" 
conformation [note the torsion angles 0(3a)-Cd(2a)-0(2a)."0(la) = -93.3， 
Cd(2a) -0(2ah .0( la ) -Cd( l ) = 73.0, 0 (2ah .0 ( l a ) -Cd( l ) -0 (4a ) = -49.2， 
0( l a ) -Cd( l ) -0 (4ah .0 (3a ) = 70.5， Cd(l)-0(4a)".0(3a)-Cd(2a) = -81.1， 
0(4a)-0(3a)-Cd(2a)-0(2a) = 76.0�] . The non-bonded Cd( l ) -Cd(2a) separation of 
4.275(1) A is much longer than those in the cations [CdX{|Li-Ph3P(CH2)2CO2-
O,O^2]2'^ (X = Cl, NO3). The Cd(l) and Cd(2) atoms are bridged by a betaine ligand 
as well as a bromo ligand to form a six-membered ring in an “envelop，，conformation 
[the torsion angles Br(3)-Cd(l)-0(l) ."0(2) = -48.5, C d ( l ) - 0 ( l ) - 0 ( 2 > C d ( 2 ) = 66.2, 
0(l).. .0(2)-Cd(2)-Br(3) 二 -45.4, 0(2)-Cd(2)-Br(3)-Cd(l) = 23.0，Cd(2)-Br(3)-Cd(l)-
0(1) = 10.7°] with an non-bonding distance of 4.164(1) A. This distance is 
significantly shorter than that of Cd(l)...Cd(2a) and may be ascribed to the higher 
constraint imposed by the bromo-bridge. The Cd(l) and Cd(la) atoms are bridged by 
a pair of single-oxygen bridges to form a planar four-membered ring with a non-
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Figure 4.2,10. ORTEP drawing of the cage-like tetranuclear core structure of 4.2.8. 
The thermal ellipsoids are drawn at the 35% possibility level. 
The Cd-Br bond lengths are normal.'^^ Of the two independent betaine ligands, one 
functions in an unusual syn-skew mode,"° which is intermediate between the syn-syn 
and syn-anti coordination modes commonly found in metal carboxylates.^^'^^ The 
torsion angles Cd(2)-0(3)-C(42)-0(4) = 2 . 2 � a n d 0(3)-C(42)-0(4)-Cd(la) = 122.2� 
indicate that the atoms Cd(l), 0(3), C(42) and 0(4) lie in a plane with Cd(la) being 
out of this plane by 1.30 A. The Cd(2)-0(3) bond length of 2.25(2) A is similar to 
those [2.220-2.254 A] found in the 4.2.1-4.2.3, but significantly shorter than the 
Cd(la)-0(4) bond of 2.36(1) A, which can be attributed to the fact that the syn lone 
pair is more basic than the anti lone pair. The other independent betaine ligand acts in 
a ^3 tridentate bridging mode with one oxygen atom bound to a Cd(II) atom, and the 
other bridging a pair of Cd(II) atoms. This is an unusual bridging mode for a 
carboxylate ligand, and hitherto only a few examples have been reported.^^-'^'''^^ To 
our knowledge, 4.2.8 provides the first example of this mode among cadmium 
carboxylates, although a ^4 "coat hanger" mode is found in the complex [Cd4Sn4(m-
O)2(O2CMe)10(OCH2But)10].54 In the present 1^3 bridging mode, the planes 
Cd(2)-0(2)-C(21) and Cd(l)-0(1)-Cd(la) are mutually perpendicular with a dihedral 
angle of92.0°, so that the hybridization of the bridging oxygen atom is best described 
as sp^ and this may account for the longer Cd-0(bridging) bond length [2.381(9) and 
2.41(1) A] as compared to the Cd-0(terminal) bond length [2.20(2) A]. 
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4.2.3. A Layer-Type Complex of Cadmium(II) Chloride/PerchIorate with 
TriphenyIphosphoniopropionate (Ph3P+(CH2)2CO2 ) 
Results and discussion 
Reaction ofPbP+(CH2)2C02- with MgCl2.6H2O and Cd(ClO4)2.xH2O in H2O/dmf 
at a molar ratio o f2 :2 : l led to the formation ofcomplex {[Cd{Ph3P(CH2)2CO2KH2O)-
(^i-Cl)2CdCl{Ph3P(CH2)2C02)](C104)n4.2.9. 
Spectroscopic characterization 
The IR spectra of complex 4.2.9 exhibit two carboxylato vibration absorption at 
frequencies of 1615，1564 and 1405 cm"^  of which the former two were assigned to the 
carboxylato asymmetric vibrations and the latter to the symmetric vibration. It is 
obvious that there are two kind of carboxylate groups in the present complex, the 
differences between asymmetric and symmetric stretching frequencies Au = Uasym - Osym 
are 210 and 159 cm' \ respectively. The former is close to 214 cm'^ found in free 
betaine Ph3P^(CH2)2CO2" (4.1.1), and significantly smaller than those in 4.2.1-4.2.3 in 
which the betaine ligand function as syn-syn bridge (Au 249 and 250 cm'^)/^^ the later 
is more less than it, so the frequency 1615m cm'^ may be assigned to asymmetric 
stretching of the bridging carboxylate group and 1564s cm'^ assigned to asymmetric 
stretching of the chelating carboxylate group. 
Structure of{[CcHPh3P(CH2)2CO2XH2O)(ju-Cl)2Cda(Ph3P(CH2)2CO2)JClO4h (4.2.9) 
A s illustrated in Figure 4.2.11, complex 4 .2.9 is an one-dimensional polymer. In 
the asymmetric unit there are two independent cadmium(II) atoms and both are six 
coordinated. Cd(l) is in a distorted CdCl2O4 octahedral coordination environment, 
asymmetrically chelated by one Ph3P+(CH2)2COO- ligand [Cd(l)-0 = 2.442(6)， 
2.340(7) A, A(Cd-0) = 0.102 A], the remaining coordination positions are occupied by 
a pair of bridging chloro ligands [Cd(l)-Cl = 2.491(3)，2.610(4) A], an oxygen atom 
from the bridging Ph3P"(CH2)2COO" ligand [Cd(l)-0(4a) = 2.304(4) A] and an aqua 




Table 4.2.10. Bond lengths (A) and bond angles(。）for 4.2.9. 
Cd(l)-Cl(l) 2.491 (3) Cd(l)-Cl(2) 2.610 (3) 
C d � - 0 ( 2 w ) 2.279 (8) Cd(l)-0(1) 2.442 (6) 
Cd(l)-0(2) 2.340 (7) Cd(l)-0(4a) 2.304 (4) 
Cd(2)-Cl(l) 2.652 (3) Cd(2)-Cl(2) 2.590 (3) 
Cd(2)-Cl(3) 2.570 (3) Cd(2)-0(lw) 2.344 (8) 
Cd(2)-0(3w) 2.373 (7) Cd(2)-0(3) 2.260 (7) 
C(21)-0(1) 1.262(10) C(21)-0(2) 1.258 (12) 
C(42)-0(3) 1.254 (11) C(42)-0(4) 1.226 (9) 
Cl(l)-CcKl)-Cl(2) 88.7(1) Cl(l)-Cd(l)-0(2w) 94.5(2) 
Cl(2)-Cd(l)-0(2w) 91.1(2) Cl(l)-Cd(l)-0(1) 105.5(2) 
Cl(2)-Cd(l)-0(1) 99.0(2) 0(2w)-Cd(l)-0(l) 157.8(3) 
Cl(l)-Cd(l)-0(2) 157.7(2) Cl(2)-Cd(l)-0(2) 84.9(2) 
0(2w)-Cd(l)-0(2) 107.0(3) 0(l)-Cd(l)-0(2) 54.8(2) 
Cl(l)-Cd(l)-0(4a) 108.6(1) Cl(2)-Cd(l)-0(4a) 162.4(1) 
0(2w)-Cd(l)-0(4a) 84.4(2) 0(l)-Cd(l)-0(4a) 80.0(2) 
0(2)-Cd(l)-0(4a) 80.1(2) Cl(l)-Cd(2)-CI(2) 85.8(1) 
Cl(l)-Cd(2)-Cl(3) 90.5(1) Cl(2)-Cd(2)-Cl(3) 99.7(1) 
Cl(l)-Cd(2)-0(lvv) 171.3(2) Cl(2)-Cd(2)-0(lw) 85.8(2) 
Cl(3)-Cd(2)-0( lw) 93.1 (2) C1( 1 )-Cd(2)-0(3vv) 92.7(2) 
Cl(2)-Cd(2)-0(3w) 83.5(2) Cl(3)-Cd(2)-0(3vv) 175.7(2) 
0(lw)-Cd(2)-0(3w) 84.2(3) Cl(l)-Cd(2)-0(3) 98.7(2) 
Cl(2)-Cd(2)-0(3) 162.7(2) Cl(3)-Cd(2)-0(3) 97.0(2) 
0(lw)-Cd(2)-0(3) 88.8(3) 0(3w)-Cd(2)-0(3) 79.6(3) 
Cd(l)-Cl(l)-Cd(2) 93.4(1) Cd(l)-Cl(2)-Cd(2) 92.1(1) 
Cd(l)-C(21)-0(2) 58.7(5) 0(l)-C(21)-0(2) 122.0(8) 
Cd(l)-0(l)-C(21) 89.2(5) Cd(l)-0(2)-C(21) 94.0(5) 
0(3)-C(42)-0(4) 124.2(7) Cd(2)-0(3)-C(42) 131.2(6) 
C(42)-0(4)-Cd(la) 142.5(4) 
Symmetry code a) -x, -y，-z. 
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Figure 4.2.11. ORTEP drawing and atomic numbering scheme of the cation 
[Cd{Ph3P(CH2)2CO2)(H2O)K|a-Cl)2CdCl{Ph3P(CH2)2CO2}]+ in 4.2.9. Hydrogen 
atoms are omitted for clarity. Ellipsoid includes 35% possibility. Symmetry code: a ) -
X’ -y, -z. 
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The most distorted angle is 0 ( l ) -Cd( l ) -0 (2 ) = 54.8(2)°. Cd(2) atom is in a 
regular CdCl3O3 octahedral coordination environment with C1(1), Cl(2), 0 (3 ) and 
0 ( l w ) forming the equatorial plane [Cd(2)-Cl(l) = 2.652(3) A, Cd(2 ) -C l (2 )= 
2.590(3) A, Cd(2)-0( lw) = 2.344(8) A; the sum o f t h e inner angle is 359.1°], Cl(3) 
and 0(3w) occupy the axial positions [Cd(2)-Cl(3) = 2.570(3) A, C d ( 2 ) - 0 ( 3 w ) = 
2.373(7) A, Cl(3)-Cd(2)-0(3w) = 175.7(2)。，Cl(l)-Cd(2)-0(3w) = 92.7(2)�] . The 
two cadmium(II) atoms are bridged by a pair of chloro ligands (Cd-Cl-Cd = 92.1(1)， 
93.4(1)0) to give the asymmetric unit. The adjacent asymmetric units are syn-anti 
co-planarily bridged by the betaine ligands (Cd(l)-0(4a)-C(42) = -217.5(4)) forming a 
polymer chain which extends parallel to the [1 -1 0]. 
Further, the chains are linked by donor hydrogen bonds from the aqua ligands to 
the terminal chloro ligands and oxygen atoms of the chelating betaine ligands 
(0 ( l ) " .0 (2wb) = 2.829 A, 0 ( l ) - 0 ( 3 w b ) = 2.895 A，Cl(3)."0(2wc) = 3.086 A) to 
form a positively charged layer with PPh3 groups protrude on both sides (Fig. 4.2.12). 
The interlayer separation is d2 and the perchlorate anions are sandwich between 
adjacent layers. 
|_|_ 
Figure 4.2.12. Stereoview of the positively charged layer of 4.2.9. For the sake of 
clarity the phenyl groups are not shown. The origin of the cell lies at the upper right 




This structure exhibits some different characters compared with the one-
dimensional polymeric cadmium(II) complexes of analogous ligands, namely 
[Cd(Et3BET)(^-Cl)2]n (EtsBET = Et3NTH2CO2)/ ' ' [Cd(BET)Cl2]n (BET = 
Me3N^CH2CO2-)/34 [Cd(4-hydroxy-L-proline)Cl2]n''' and [Cd(pr0line)Cl2]n''' in which 
the polymer chain is built up only by a pair of chloro bridging or by both chloro and 
syn-syn carboxylate group bridging, and all the cadmium(II) atoms are in the same 
coordination environment. In complex 4.2.9, the Cd-CI bond distances, unless Cd(l)-
C1(1) which is significantly shorter than the remainings, are similar to those found in 
[Cd(Et3BET)(^i-Cl)2]n,''' [Cd(BET)Cl2]n,"' [Cd(4-hydroxy-L-proline)Cl2]n''' and 
[Cd(proline)Cl2]n，i�7 but slightly longer than the average Cd-Cl distances of2.536 A for 
six-coordination.i29 The O-C-0 for the chelate betaine ligand [122.0(8)°] is larger than 
those found in [Cd(CH3C00)2'2H20]'^^ [119.7(4) and 121.0(5)°] and 
diaquabis(phenoxyacetato) cadmium(II)'^^ [121.1(5)�], but smaller than those found in 
the cadmium(II) complexes of tertiary amine betaines, namely [Cd(Et3BET)(^i-Cl)2]n 
(124.4(2广)’133 [Cd(BET)(H20)(^i-Cl)CI]2 [123 .9(3)� ]�4 This fact may be attributed to 
that the increase of carbon chain, as compared to those 0fEt3BET and BET, reduces 
the inductive effect of positively-charged Ph3P+ group on the carboxylato group in 
Ph3P"(CH2)2C02'. 
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4.2.4. Three Mononuclear Cadmium(II) HaIide Complexes of 
Ph3P^(CH2)3CO2 
Results and discussion 
All three complexes were prepared by the same procedure. Reaction of 
triphenylphosphoniobutyrate, Pli3P+(CH2)3CO2-, with CdCb.2H20, CdBr2 or CdI2 in 
H2O/dmf at a molar ratio of 2:1 led to the formation of [CdCl2{Ph3P(CH2)3CO2h] 
•H2O (4.2.10), [CdBr2{Ph3P(CH2)3CO2h] (4.2.11) and [Cdh{Fh,V(CR2)3CO2h] 
(4.2.12), respectively. 
Stnicturesof[Cda2{PhsP(CH2)3C02)2].H20 (4,2.10) and [CdCh{Ph3P(CH2)3C02)2] 
(4.2,11) 
Complex 4.2.10 crystallizes with a packing of discrete [CdCl2{Ph3P(CH2)3CO2h] 
molecules and lattice water molecules, while complex 4.2.11 consists of discrete 
[CdBr2{PfeP(CH2)3C02)2] molecules only. As illustrated in Fig. 4.2.13 and 4.2.14， 
the structures of both complexes are very similar. The cadmium(II) atom is 
coordinated by two unidentate Ph3PXCH2)3CO2" ligands [Cd-0 = 2.232(4) and 
2.213(2) A for 4.2.10, 2.148(7) and 2.037(7) A for 4.2.11, respectively; 
Cd-0(pendant) = 2.809(2) and 2.981(2) A for 4.2.10，2.826(7) and 2.847(7) A for 
4.2.11] and two halo ligands [Cd-Cl = 2.463(1) and 2.469(1) A for 4.2.10, Cd-Br = 
2.580(2) and 2.926(2) A for 4.2.11] in a slightly distorted tetrahedral environment (the 
bond angles around the cadmium(II) atom lies in the range of 98.6(1)-128.2(1)° for 
4.2.10 and 92.1(2)-127.0(3)° for 4.2.11]. 
The two Cd-0 bonds in 4.2.10 are nearly identical and similar to those found in 
tetrakis-carboxylato-0,0 -bridged dicadmium(II) anions [Cd2X2{Ph3P(CH2)2C02)4]'^ 
(X = Cl, NO3) [2.236(7)-2.251(6) A] (4.2.1-4.2.3) in which the carboxylate groups act 
in a syn-syn bidentate bridging mode. The Cd-Cl bond lengths in 4.2.10 are well 
within the Cd-Cl(terminal) bond lengths [2.436-2.458 A]' ' ' found in four-coordinated 
cadmium(II) complexes. The torsion angles Cd(l)-0(l)-C(22)-0(2) at -9.3° and 
Cd(l)-0(3)-C(44)-0(4) at 7 . P indicate that the cadmium(II) atom nearly lies in the 
plane of each of the carboxylate groups. On the other hand, the two carboxylate 
groups are approximately mutually perpendicular with a dihedral angle of 99.9°. Two 
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monomeric molecules are bridged by donor hydrogen bonds from the lattice water 
molecule to the pendant oxygen atoms o f the betaine ligands [ 0 ( l W ) - 0 ( 4 ) = 2.899(4) 
and 0 ( l W ) - 0 ( 2 a ) = 2.858(4) A, 0 (4 ) . "0 ( lW)" .0 (2a ) = 126.7�] to form a dimeric 
structure. 
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Figure 4.2.13. Molecular structure and atom numbering of [CdCl2{PhP(CH2)3C02>2] 
•H2O 4.2.10. Hydrogen atoms are omitted for clarity, and hydrogen bonds are 
indicated by broken lines. The thermal ellipsoids are drawn at the 35% probability 
level. 
For complex 4.2.11, the two Cd-0 bond lengths are markedly different and 
significantly shorter than those in 4.2.10. In addition, one Cd-Br bond is well 
comparable to the average Cd-Br(terminal) bond length of 2.588 A'^ ^ in four-
coordinated cadmium(II) complexes and is much shorter than the other Cd-Br bond. 
The Cd-Br(2) bond length of 2.926(2) A is so long that it may be considered as a 
secondary interaction between the Cd(II) atom and the Br atom, so that the 
coordination environment about the cadmium(II) atom in 4.2.11 is better described as 
distorted pyramidal rather than distorted tetrahedral, and the change of coordination 
geometry may be responsible for the shorter Cd-0 distances in 4.2.11 than in 4.2.10. 
However, the torsion angles Cd(l)-0(l)-C(22)-0(2) and Cd(l)-0(3)-C(44)-0(4) [-8.2 
and 10.7°] and the dihedral angle between the two carboxylate groups [81.3°] are 
similar to those in complex 4.2.10, 
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C32 C31 Figure 4.2.14. Molecular structure and atom numbering of [CdBr2{Ph3P(CH2)3CO2h] 
4.2.11. Hydrogen atoms are omitted for clarity. The thermal ellipsoids are drawn at 
the 35% probability level. 
Structure of[Cdl2{PhsP(CH2)3C02)2] (4,2,12) 
Complex 4.2.12 also comprises discrete molecules [Cdl2{Phi3P(CH2)3C02h] packed 
in the crystal lattice. However, unlike 4.2.10 and 4.2.11, the cadmium(II) atom in 4.2.12 
is five-coordinated in a distorted square-pyramidal geometry (Fig. 4.2.15) with the 
oxygen atoms of both Ph3P^(CH2)3CO2' ligands and one iodo ligand forming the base, 
and the other iodo ligand occupying the axial position. The most distorted bond angle is 
0( l ) -Cd( l ) -0 (2) = 54.4(4)� . Of the two betaine ligands, one acts in the asymmetric 
bidentate chelate mode [Cd-0 = 2.238(10) and 2.497(10) A，A(Cd-0) = 0.259 A] and 
the other in the unidentate mode [Cd-0 = 2.232(8) A]. The Cd-0(unidentate) bond 
length is comparable with those in [Cd{Ph3P(CH2)2C02)4(fl20)2](C104)2.2H20 (4.2.4) 
[Cd-0 = 2.219(5) and 2.231(4) A] in which the cadmium(II) atom is coordinated by four 
unidentate Ph3PXCH2)2CO2' betaine ligands. The two Cd-I bond lengths of2.809(2) and 
2.844(3) A are significantly longer than the average Cd-I bond length of2 .750 A'^ ^ and 
those [2.701(1) and 2.706(1) A] found in [CdI2{Ph3P(CH2)2CO2}] (4.2.6) in which the 
Cd(II) atom is also penta-coordinated but in a very different coordination geometry. The 
dihedral angle between the two carboxylate groups of 84.8° is comparable to those in 1 
and 2. In addition, the dihedral angle between the plane CdI(l)I(2) and 0(3)C(44)0(4) 
of 89.4° indicates that the orientation of the pendant oxygen atom of the carboxylate 
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group C(44)0(3)0(4) is dictated by the repulsive interaction between it and the two 
iodo ligands. 
Table 4.2.11. Selected bond lengths (A) and angles (。）for 4.2.10-4.2.12, 
Complex 4.2.10 
Cd(l)-Cl(l) 2.469 (1) Cd(l)-Cl(2) 2.463 (1) 
Cd(l)-0(1) 2.232 (4) Cd(l)-0(3) 2.213(2) 
C(22)-0(1) 1.260 (5) C(22)-0(2) 1.241 (5) 
C(44)-0(3) 1.266 (5) C(44)-0(4) 1.245 (5) 
Cl(l)-Cd(l)-Cl(2) 106.1(1) Cl(l)-Cd(l)-0(1) 98.6(1) 
Cl(2)-Cd(l)-0(1) 110.0(1) Cl(l)-Cd(l)-0(3) 109.9(1) 
Cl(2)-Cd(l)-0(3) 128.2(1) 0(l)-Cd(l)-0(3) 100.2(1) 
C(21)-C(22)-0(1) 116.2(3) C(21)-C(22)-0(2) 119.2(4) 
0(l)-C(22)-0(2) 124.6(4) Cd(l)-0(l)-C(22) 111.4(3) 
C(43)-C(44)-0(3) 118.7(3) C(43)-C(44)-0(4) 118.1(3) 
0(3)-C(44)-0(4) 123.1(3) Cd(l)-0(3)-C(44) 106.9(2) 
Complex 4.2.11 
Cd(l)-Br(l) 2.926 (2) Cd(l)-Br(2) 2.580 (2) 
Cd(l)-0(1) 2.148 (7) Cd(l)-0(3) 2.037 (7) 
C(22)-0(1) 1.39(1) C(22)-0(2) 1.09 (1) 
C(44)-0(3) 1.26(1) C(44)-0(4) 1.12(1) 
Br(l)-Cd(l)-Br(2) 107.6(1) Br(l)-Cd(l)-0(1) 109.9(3) 
Br(2)-Cd(l)-0(1) 109.2(2) Br(l)-Cd(l)-0(3) 92.2(2) 
Br(2)-Cd(l)-0(3) 108.6(2) 0(l)-Cd(l)-0(3) 127.0(3) 
0(l)-C(22)-0(2) 120.2(9) Cd(l)-0(l)-C(22) 107.8(6) 
0(3)-C(44)-0(4) 125.4(9) Cd(l)-0(3)-C(44) 112.6(7) 
Complex 4.2.12 
Cd(l)-I(l) 2.809 (2) Cd(l)-I(2) 2.844 (3) 
Cd(l)-0(1) 2.24 (1) Cd(l)-0(2) 2.50 (1) 
Cd(l)-0(3) 2.232 (8) C(22)-0(1) 1.26 (2) 
C(22)-0(2) 1.24 (2) C(44)-0(3) 1.26 (2) 
C(44)-0(4) 1.24 (2) 
I(l)-Cd(l)-I(2) 110.2(1) I(l)-Cd(l)-0(1) 114.6(2) 
I(2)-CcKl)-0(l) 97.9(3) I(l)-Cd(l)-0(2) 92.0(2) 
I(2)-Cd(l)-0(2) 150.8(3) C(22)-Cd(l)-0(2) 27.2(4) 
0(l)-Cd(l)-0(2) 54.4(4) I(l)-CcKl)-0(3) 102.5(2) 
I(2)-Cd(l)-0(3) 96.9(2) C(22)-Cd(l)-0(3) 114.5(3) 
0(l)-Cd(l)-0(3) 131.9(3) 0(2)-Cd(l)-0(3) 96.6(3) 
C(21)-C(22)-0(1) 118(1) Cd(l)-C(22)-0(2) 66.8(7) 
CKl)-C(22)-0(2) 121(1) Cd(l)-0(l)-C(22) 97.8(9) 
Cd(l)-0(2)-C(22) 86.0(8) C(43)-C(44)-0(3) 117(1) 
C(43)-C(44)-0(4) 119(1) 0(3)-C(44)-0(4) 124(1) 
CcKl)-0(3)-C(44) 107.1(8) 
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Figure 4,2.15. Molecular structure and atom numbering of [CdI2{Ph3P(CH2)3CO2h] 
4.2.12. Hydrogen atoms are omitted for clarity. The thermal ellipsoids are drawn at 
the 35% probability level. 
The bidentate chelate mode is found in cadmium(II) complexes of many carboxylic 
acids, such as [Cd(PA)2(H2O)2] (PAH = phenoxyacetic acid) in which the cadmium(II) 
atom is six-coordinated with two symmetrically chelated carboxylato groups lying in 
the equatorial plane [Cd-0 = 2.363(4) and 2.365(4) A] ._ It also occurs commonly in 
cadmium(II) complexes of amino acids, such as aqua(L-gIutamato)dicadmium(II) 
hydrate [Cd-0 = 2.317(5), 2.458(5) A] in which the cadmium(II) atom is six-
coordinated, triaquabis(L-glutomato)cadmium(II) hydrate [Cd-0 = 2.361(5), 2.502(5) 
and 2.368(5), 2.499(5) A] and aqua(glycyl-L-glutamato)cadmium(II) hydrate [Cd-0 = 
2.277(5)，2.867(5) and 2.331(5), 2.435(5) A] in each ofwhich the cadmium(II) atom is 
seven-coordinated with two carboxylato groups acting in the bidentate chelate mode,"5 
as well as dichlorobis(glycylglycine)cadmium(II) [Cd-0 = 2.255(5), 2.602(5) A] in 
which the cadmium(II) atom is six-coordinated.'^^ Betaine ligands exhibiting the 
bidentate chelate mode are found in [Cd(Et3BET)(j^-Cl)2]n (Et3BET = 
Et3NXCH2)2CO2) [Cd-0 = 2.407(2), 2.435(2) A] in which the cadmium(II) atom is 
s i x - c o o r d i n a t e d J 2 3 ；^^ [ C d C l 2 { P h 3 P ( C H 2 ) 2 C O 2 h ] . 7 H 2 O (4.2.5) [Cd-0 = 2.306(9)， 
2.567(9) and 2.287(8), 2.576(8) A] in which the cadmium(II) atom is six-coordinated 
with a pair of chelated carboxylato groups, in /ram-Cd(H2O)4[Cl2Cd(|i-
C1){Ph3P(CH2)2CO2}]2'4H20 (4.2.7) [Cd-0 = 2.290(6)，2.541(7) A] in which the 
cadmium(II) atom is five-coordinated. In all these examples the A(Cd-0) value lies in 
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a wide range of 0.002-0.590 A which indicates that the steric strain imposed by the 
formation of a four-membered chelate ring can be released by having one carboxylato 
oxygen atom strongly coordinating to the cadmium(II) and the other loosely bound. It 
should be noted that in many cadmium(II) carboxylates the center of mass of the pair 
of oxygen atoms of a chelated carboxylato group can be taken as a ligand site in 
considering the corresponding idealized polyhedral g e o m e t r y ? In complex 4.2.12 the 
angles between the vectors from cadmium(II) to the midpoint of a line linking 0 (1) 
with 0(2), and to 0(3), I(1) and I(2) vary in the range 96.9-126.2。，which lie within 
±17% of the ideal tetrahedral bond angle. This suggests that the A(Cd-0) value is 
mainly influenced by the coordination geometry around the cadmium(II) atom. 
Although the unidentate coordination mode commonly exists in zinc(II) 
carboxylates such as [Zn(H2O)4L2] and [Zn(H2O)2L2] (HL = 2,4-
dichlorophenoxyacetic acid),'^^ as well as zinc(II) complexes of tertiary amine betaine 
such as [Zn(pyBET)(H2O)Cl2], [Zn(pyBET)2Cl2] (pyBET = C5H5NXH2CO2), 
[Zn(BET)2Cl2].H2O (BET = MQN+CH2C02)'37 and [Zn(ppBET)2Cl2]''' (ppBET = 
C5H5N^(CH2)2CO2'), it is relatively rare in cadmium(II) carboxylates owing to the 
much larger radius of Cd(II) as compared with Zn(II) and the tendency of Cd(II) to 
form polymeric species with neighboring Cd(II) atoms through |^ -0 ,0-bndgmg by 
carboxylate groups. A plausible reason for the ease of the Ph3PXCH2)3CO2' betaine 
ligand to act in the unidentate mode to yield monomeric metal complexes is that its 
flexible alkyl chain enables the bulky Ph3P group to be positioned close to the metal 
center and thus hinder the approach of another mononuclear species. 
4.2.5. Mixed-ligand Cadmium(II) Complexes ofPh3P(CH2)2CO2 and 
Me2N(CH2)2NMe2 (tmen) 
Results and discussion 
Reaction of Cd(C104)2.xH20 and CdI2 with the tertiary betaine Ph3P^(CH2)2C02', 
in the presence of the diamine AW"W,-tetramethylethylenediamine, led to the 
formation of the corresponding mixed-ligand cadmium(II) complexes 
[Cd{Pb(CH2)CCM2(tmen)(H20)](C104)2.2H20 (4.2.13) and [CdI2{Ph3(CH2)CO2}-
(tmen)] (4.2.14), respectively. However, the reaction of Ph3P^(CH2)2CO2" with 
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CdCl2'2H20 under the same conditions failed to yield the expected complex containing 
mixed ligands. Instead, a polymeric complex [Cd(^i-Cl)2(tmen)]n was obtained and 
characterized by single-crystal X-ray analysis: space group P2i/c with a = 7.239(1), b 
=10.731(2) , c = 14.419(3) A，p = 91 .86(3)�and Z = 4, which are consistent with 
those determined by Htoon and Ladd: space group P2i/c with a = 7.26, b = 10.76，c = 
14.47 A, p = 9 1 . 5 � a n d Z = 4."9 This complex is isomorphous with [Cd(^i-
Br)2(tmen)]2, the structure of which was determined over two decades ago]<� 
Crystalstructure of[Cd{Ph3(CH2)CO2h(tmen)(H2OJ] 2H2O (4.2.13) 
Complex 4.2.13 crystallizes with [Cd{Ph3(CH2)CO2h(tmen)(H2O)]2+ dications, 
perchlorate anions and water molecules packed in the unit cell. 
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Figure 4.2.16. Molecular structure and atom numbering of [Cd{Ph3P(CH2)2CO2h-
(tmen)PH2O)](ClO4)2 2H2O 4.2.13. Hydrogen atoms are omitted for clarity, and 
hydrogen bonds are indicated by broken lines. The thermal ellipsoids are drawn at the 
35% probability level. 
As shown in Fig. 4.2.16, the cadmium(II) atom is in a distorted pentagonal bipyramidal 
environment with four oxygen atoms of the betaine ligands and one nitrogen atom of 
the tmen ligand defining the equatorial plane (the sum of the bond angles is 359.9°, the 
mean deviation from the least squares plane is 0.044(5) A), with the aqua ligand and 
the other tmen nitrogen atom occupying the axial positions pSf( l ) -Cd( l ) -0( lw)= 
170.0(2)°]. One of the two betaine ligands chelates the cadmium(II) atom in an 
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asymmetric fashion with markedly different Cd-0 bond lengths [2.607(5) and 2.305(5), 
A(Cd-0) = 0.302 A], whereas the other is involved in an uncommon symmetric 
chelating mode with Cd-0 bond lengths of2.411(5) and 2.401(4) A, C - 0 bond lengths 
o f l .242(7) and 1.230(8) A, and Cd-C-0 angles of90.9(4) and 91.6(3)� . 
Table 4.2.12. Selected bond lengths (A) and angles ( � ) for 4.2.13. 
Cd(l)-0(1) 2.607 (5) Cd(l)-0(2) 2.305 (5) 
Cd(l)-0(3) 2.411 (5) Cd(l)-0(4) 2.401(4) 
Cd(l)-N(l) 2.371(3) Cd(l)-N(2) 2.367 (5) 
Cd(l)-0(1W) 2.346 (3) C(21)-0(1) 1.230(6) 
C(21)-0(2) 1.253 (6) C(42)-0(3) 1.242 (7) 
C(42)-0(4) 1.230 (8) 
0(l)-Cd(l)-0(2) 52.2(1) 0(l)-Cd(l)-0(3) 171.5(1) 
0(2)-Cd(l)-0(3) 134.1(1) 0(l)-Cd(l)-0(4) 132.7(2) 
0(2)-Cd(l)-0(4) 80.5(2) 0(3)-Cd(l)-0(4) 53.7(2) 
0(1)-Cd(l)-N(l) 91.2(1) 0(2)-Cd(l)-N(l) 99.2(2) 
0(3)-Cd(l)-N(l) 92.9(1) 0(4)-Cd(l)-N(l) 100.0(1) 
0(l)-Cd(l)-N(2) 84.4(2) 0(2)-Cd(l)-N(2) 136.6(2) 
0(3)-Cd(l)-N(2) 89.1(2) CK4)-CM(l)-N(2) 142.8(2) 
N � - C d � - N ( 2 ) 78.7(1) 0(1)-Cd(l)-0(1W) 86.3(1) 
0(2)-Cd(l)-0(lW) 87.0(1) C(42)-Cd(l)-0(lW) 86.6(1) 
0(3)-Cd(l)-0(lW) 88.4(1) CK4)-Cd(l)-0(lW) 88.8(1) 
N � - C d ( l ) - 0 ( 1 W ) 170.0(2) N(2)-Cd(l)-0(lW) 91.4(1) 
0(l)-C(21)-0(2) 122.6(5) Cd(l)-0(l)-C(21) 85.1(3) 
Cd(l)-CK2)-C(21) 98.7(3) 0(3)-C(42)-0(4) 123.2(5) 
Cd(l)-0(3)-C(42) 90.9(4) Cd(l)-CX4)-C(4D 91.6(3) 
Hydrogen bonding 
0(lW>..0(7a) 2.683(5) 0 ( lWh.0(3) 2.724(5) 
0(2W>-.0(2) 2.813(5) 0(2W)-0(3W) 2.677(5) 
0(3Wh-0(5a) 2.793(5) 
0(3Wy..0(lWh.0(7a) 105.0(3) 0(2W� . .0 (3Wh.0(5) 120.0(3) 
Q(3W)-Q(2W)-0(2) 94.0(3) 
Such a symmetric chelating mode with similar Cd-0 distances is also observed in both 
[Cd{Et3NCH2C02)(^-Cl)2]n [2.407(2) and 2.435(2) A ] � � and [Cd(PA)2(H2O)2] (PAH 
=phenoxyacetic acid) [2.363(4) and 2.365(4) A]. ' ' ' The two Cd-N bond lengths in 
4.2.13 are nearly identical [2.371(3) and 2.367(5) A], in contrast to those found in 
[Cd(^i-Br)2(tmen)]n_ in which the cadmium(II) atom is in a distorted octahedral 
environment with one nitrogen atom of the tmen ligand more strongly bound at Cd-N 
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=2.417(13) A than the other at 2.498(12) A. The N-Cd-N angle o f 7 8 . 7 ( l ) � i s slightly 
larger than that [76.0(4)�] in [Cd(^i-Br)2(tmen)]J4o 
The primarily discrete mononuclear species [Cd{Ph3P(CH2)2CO2}2(tmen)(H2O)]^^ 
are linked by hydrogen bonds between the solvated water molecules, the perchlorate 
groups, the aqua ligand, and the oxygen atoms of the betaine ligand to form a dimer 
(Fig. 4.2.17). 
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Figure 4.2.17. Stereoview of the crystal structure of 4.2.13. Hydrogen atoms are 
omitted for clarity, and the disordered perchlorate group is shown in one of its two 
possible orientations. The origin lies at the upper right comer with a pointing toward 
the reader, b from right to left, and c downward. 
Crystalstructure of[CdI2{Ph3(CH2)CO2Htmen)] (4.2,14) 
Complex 4.2.14 comprises discrete [CdI2{Ph3(CH2)CO2Ktmen)] molecules packed 
in the crystal lattice. The cadmium(II) atom is hexa-coordinated by two oxygen atoms 
ofan asymmetrically chelating betaine ligand [Cd-0 = 2.36(1) and 2.47(1) A, A(Cd-0) 
=0 .11 A], iodo ligand I(1) [Cd-I = 2.820(2) A], and nitrogen atom N(2) of the tmen 
ligand [Cd-N = 2.38(1) A] (Fig. 4.2.18). These four atoms form the equatorial least-
squares plane with a mean deviation of 0.079(1)A. The distorted octahedral 
coordination environment about the cadmium(II) atom is completed by the other iodo 
ligand I(2) [Cd-I = 2.904(2) A] and tmen nitrogen atom N(1) [Cd-N = 2.56(1) A] 




from the least-squares plane toward I(2) which may be due to the repulsion 
interactions between the latter and equatorial atoms. 
Table 4.2.13. Selected bond lengths (A) and angles ( � ) for 4.2.14. 
Cd(l)-I(l) 2.820 (2) Cd(l)-I(2) 2.904 (2) 
Cd(l)-0(1) 2.36 (1) Cd(l)-0(2) 2.47 (1) 
Cd(l)-N(l) 2.558 (1) Cd(l)-N(2) 2.38 (1) 
C(21)-0(1) 1.30(2) C(21)-0(2) 1.22(3) 
I(l)-Cd(l)-I(2) 97.0(1) I(l)-Cd(l)-0(1) 112.2(3) 
I(2)-Cd(l)-0(1) 97.8(2) I(l)-Cd(l)-0(2) 165.4(4) 
I(2)-Cd(l)-0(2) 89.6(3) 0(l)-Cd(l)-0(2) 53.8(5) 
I(l)-Cd(l)-N(l) 92.8(3) I(2)-Cd(l)-N(l) 167.6(3) 
0(1)-Cd(l)-N(l) 85.5(4) 0(2)-Cd(l)-N(l) 82.6(4) 
I(l)-Cd(l)-N(2) 102.9(3) I(2)-Cd(l)-N(2) 94.7(3) 
0(l)-Cd(l)-N(2) 140.7(4) 0(2)-Cd(l)-N(2) 89.4(5) 
N(l)-Cd(l)-N(2) 75.6(4) 0(l)-C(21)-0(2) 120(2) 
Cd(l)-0(l)-C(21) 95(1) Cd(l)-0(2)-C(21) 91(1) 
The Cd-I bond lengths in 4.2.14 are significantly longer than those in 
[Cdl2{Ph3P(CH2)2}]2 [2.701(2) and 2.706(2) A] (4.2.6) and may be ascribed to the 
fact that the Cd(II) atom is penta-coordinated in the latter complex. In addition, the 
Cd(l)-I(2) bond is longer than the Cd(l)-I(l) bond by 0.084 A, and the Cd(l)-N(2) 
bond is similar to those in 4.2.13 [2.373(2) and 2.367(5) A] but shorter than Cd(l)-
N(1) by 0.168 A. In view of the angle N(l)-Cd(l)-I(2) being 167.6(3)。，these 
differences suggest that I(1) and N(2) exert a mutual trans influence on each other. 
The asymmetric chelating behavior of the betaine ligand may be also due to the trans 
influence imposed by I(1) on 0(2) [0(2)-Cd(l)-I(l) = 165.4(4)�]. 
It is worthy of note that in complex 4.2.14 two betaine ligands act in different 
bidentate chelate modes (one is symmetric and the other asymmetric), although the 
environment about each carboxylato group is similar [N(l)-Cd(l)-0(1) = 84.4(2)°; 
N(l) -Cd(l) -0(3) = 89.1(2)�]. A plausible reason for their different coordination 
behaviour may be ascribed to the hydrogen bonding interaction between the 0(2) atom 
and the solvated water molecule. 
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Figure 4.2.18. Molecular structure and atom numbering of [CdI2{Ph3P(CH2)2CO2}-
(tmen)] 4.2.14, Hydrogen atoms are omitted for clarity. The thermal ellipsoids are 
draw at the 35% probability level. 
Conclusion 
Fourteen cadmium(II) complexes containing discrete mono-, bi-, tri-, tetra- and 
polynuclear units have been synthesized from the reaction of the tertiary phosphine 
betaine ligands Ph3PXCH2)2CO2' and PhisP+CCH^sCCV with various cadmium(II) salts. 
In these complexes the coordination number and geometry about the cadmium(II) 
atom as well as the coordination modes of the betaine ligand exhibit a rich variety: the 
coordination number of cadmium(II) ranges from four to seven, and the coordination 
geometry is tetrahedral in 4.2.8, 4.2.10 and 4.2.11，square-pyramidal in 4.2.3, distorted 
square-pyramidal in 4.2.12, distorted trigonal bipyramidal in 4.2.6 and 4.2.7, 
octahedral in 4.2.4 and 4.2.7-4.2.9, distorted octahedral in 4.2.1, 4.2.2, 4.2.5 and 
4.2.13, and distorted pentagonal-bipyramidal in 4.2.13. The betaine ligand 
Ph3P^(CH2)2CO2' acts in the unidentate mode in 4.2.4 and 4.2.10-4.2.12, the bidentate 
syn-syn bridging mode in 4.2.1-4.2.3, the bidentate syn-anti bridging mode in 4.2.9, 
the bidentate ''syn-skew'' mode in 4.2.8, the symmetric bidentate chelate mode in 
4.2.13, the asymmetric bidentate chelate mode in 4.2.4, 4.2.7 and 4.2.12-4.2.14, a 
combined monodentate bridging and bidentate chelate mode in 4.2.6, and a very 
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unusual 1^3 bridging mode in 4.2.8 which provides the first such example among 
cadmium(II) carboxylates. 
In complex 4.2.4, strong intramolecular hydrogen bonding between the aqua 
ligands and the pendant oxygen atoms of the betaine ligands, which prevent the latter 
from further coordination to other cadmium(II) atoms, plays a dominant role in 
stabilizing both the octahedral coordination geometry and the unidentate coordination 
mode of the betaine ligand, thus accounting for the occurrence of this unusual 
structure. On the other hand, hydrogen bonding involving the solvated water 
molecules, chloro ligands, and oxygen atoms of the betaine ligand in 4.2.5 and 4.2.7 
are responsible for generating the layer-type crystal structures of these complexes. 
Compared to simple carboxylic acids and amino acids, the tertiary phosphine 
betaine ligands Phi3P+(CH2)2C02_ and Ph3P"(CH2)3CO2' readily form cadmium(II) 
complexes containing discrete units. A plausible reason is that the bulky and charged 
triphenylphosphonio group makes it energetically unfavorable for two discrete units to 
be positioned in close proximity for subsequent condensation. 
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4.3. Zinc(II) and Mercury(II) Complexes 
4.3.1. Synthesis and Structural Characterization o fMono- and DinucIear 
Zinc(n) Complexes of TriphenyIphosphoniopropionate 
The coordination chemistry of zinc(II) has been subjected to extensive study in the 
past decade owing to its importance in life science.'^' It has been found that the 
zinc(II) ion is crucially involved in the active sites of over 300 metalloenzymes and its 
role is not confined to catalysis and gene expression. Furthermore, the presence of 
zinc(II) helps to stabilize the tertiary and quaternary structures of proteins and nucleic 
acids.l42'143 
Like cadmium(II), zinc(II) is clearly among those metal ions that have a most 
flexible and adaptable coordination sphere, since the d^^ electron configuration rules 
out ligand field stabilizing effect for Zn(II) complexes and often leads to variable and 
distorted coordination polyhedra. A recent statistical survey of 490 crystal structures 
of zinc(II) complexes of low molecular weight showed that the metal atom has 
coordination number 4，5 and 6 in about 58, 13 and 27% of the complexes, 
respectively.i28 
In the case of zinc(II) carboxylates, coordination number six is commonly attained 
either by two unidentate carboxylato groups and four neutral ligands, as in 
[Zn(C6H3Cl2OCH2CO2)2(H2O)4],'^^ or by two chelating carboxylato groups and two 
neutral ligands, as in [Zn(CH3CO2)2(H2O)2],'''' [&(py)2L'2].2py (L'H = 4-
hydroxybenzoic acid)''' and [Zn(PhOCH2CO2)2(H2O)2].‘‘‘ Coordination number four 
for zinc(II) is usually achieved by two unidentate carboxylato groups and two neutral 
ligands, such as in [Zn(C6H3Cl2OCH2CO2)2(H2O)2] '^' and [Zn(CH3CO2)2-
{ S C _ ; b h ] . i 4 7 
Results and Discussion 
Reaction ofPfeP+(CH2)2C02- with Zn(C104)2.xH20 and Ni(C104)2.6H60 at a molar 
ratio of 2:1:1 in CH3CNyH2O failed to give an expected mixed-metal ZnfNi betaine 
complex, instead a mononuclear Zn(II) complex [Zn{Pli3P(CH2)2CO2)4(H2C02](ClO4)2 
•2H2O (4.3.1) was obtained. Reaction ofPli3P+(CH2)2C02- with ZnCl2 2H2O or ZnBr2 
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at molar ratio of 2:1 in CHsCNy^aO yielded [h2Cl4{^i-Ph3P(CH2hC02-0,0,h] 
( 4 . 3 . 2 ) and [Zn2Br4{| i - ^ 3 P ( C H 2 ) 2 C 0 2 - 0 , 0 , ) 2 ] ( 4 . 3 . 3 ) , respectively . 
Structure of[Zn{PhsP(CH92C02)4(H20)2](Cl04)2.2H20 (4.3.1) 
Complex 4.3.1 consists of discrete [ZnL4(H2O)2f + cations, ClO4 anions and H2O 
molecules packed together in the crystal lattice. The zinc (II) atom is located at an 
inversion center and coordinated by two /raw^-related aqua ligands [Zn-0 = 2.116(5) 
A] and two pairs of unidentate betaine ligands [Zn-0 = 2.078(6) and 2.076(5) A] in a 
nearly perfect octahedral environment (Fig. 4.3.1). 
Table 4.3.1. Selected bond lengths (A) and angles (°) for 4.3.1. 
Zn(l)-0(1W) 2.116 (5) Zn(l)-0(1) 2.082 (6) 
Zn(l)-0(3) 2.076 (5) C(20)-C(21) 1.52(1) 
C(21)-0(1) 1.23(1) C(21)-0(2) 1.24 (1) 
C(41)-C(42) 1.53 (1) C(42)-0(3) 1.262 (9) 
C(42)-0(4) 1.23 (1) 
0(1W)-Zn(l)-0(1) 91.1(2) 0(lW)-Zn(l)-0(3) 92.7(2) 
0(l)-Zn(l)-0(3) 90.4(2) 0(lW)-Zn(l)-0(lWa) 180.0(1) 
0(l)-Zn(l)-0(lWa) 88.9(2) 0(3)-Zn(l)-0(lWa) 87.3(2) 
0(lW)-Zn(l)-0(la) 88.9(2) C^l)-Zn(l)-0(la) 180.0(1) 
0(3)-Zn(l)-0(la) 89.6(2) 0(lWa)-Zn(l)-0(la) 91.1(2) 
0(lW)-Zn(l)-0(3a) 87.3(2) 0(l)-Zn(l)-0(3a) 89.6(2) 
0(3)-Zn(l)-0(3a) 180.0(1) 0(lWa)-Zn(l)-0(3a) 92.7(2) 
0(la)-Zn(l)-0(3a) 90.4(2) C(20)-C(21)-0(1) 117.3(8) 
C(20)-C(21)-0(2) 117.5(9) CKl)-C(21)-0(2) 125.1(9) 
Zn(l)-CKl)-C(21) 131.6(6) C(41)-C(42)-0(3) 116.8(7) 
C(41)-C(42)-0(4) 116.3(7) 0(3)-C(42)-CX4) 126.9(8) 
Zn(l)-0(3)-C(42) 128.1(5) 
Hydrogen bonds 
0 ( l w ) - 0 ( 2 ) 2.648(8) 0(lW)...0(4) 2.428(8) 
0(2W>..0(2) 2.816(8) 
0(4)-0( lW)-Zn(l ) 95.5(7) 0(2W>"0(2)-Zn(l) 129.3(7) 
SymmetQ^ code: a) -x, -y, -z. 
These bond lengths are somewhat longer than those found in [Zn(pyBET)(H2O)Cl2] 
[Zn-0(aqua) = 2.051(1) A; Zn-0(carboxylato) = 1.936(1) A ] / ' ' [Zn(pyBET)2Cl2] 
[Zn-0 = 1.988(3) and 1.964(2) A ] / ' ' [Zn(BET)2Cb].H20 [Zn-0 = 1.965(7) A ] ' ' ' and 
[Zn(ppBET)2Cl2] [Zn-0 = 1.965(4) and 1.969(3) k y ' ' (pyBET = C5H4NXH2CO2', 
BET = Me3NXH2CO2', ppBET = C5H4NXH2CH2CO2 ), which may be attributed to 
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the more crowded coordination sphere about the zinc(II) atom in 4.3.1. On the other 
hand, the four carboxylate groups are arranged in such a way that each aqua ligand 
forms two strong intramolecular hydrogen bonds [CH.0 = 2.628(5) and 2.648(5) A] 
with the pendent oxygen atoms of the adjacent betaine ligands (Fig. 4.3.1). This 
coordination environment is similar to that found in [Zn(H2O)4L"2] (HL" = 2.4-
dichlorophenoxyacetate acid)^^^ in which the zinc(II) atom is coordinated by a trans 
diaxial arrangement of monodentate carboxylate groups [Zn-0(aqua) = 2.098 A; 
Zn-0(carboxylato) = 2.071 and 2.121 A:. 
% % " 4 ^ 
J \ � f y ^ 2 1 � C 3 l J V ^ 
cg CS i 0 ¾ ^ : : C 3 2 # C 3 0 
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C15 Figure 4.3.1. Molecular structure and atom numbering of [Zn{Ph3P(CH2)2C02>4-
OH2O)2]2+ in 4.3.1. Hydrogen atoms are omitted for clarity, and hydrogen bonds are 
indicated by broken lines. The thermal ellipsoids are drawn at the 35% probability 
level. Symmetry code: a) -x, -y, -z. 
The strong intramolecular hydrogen bonding between the aqua ligands and the pendent 
oxygen atoms of the carboxylato group plays a dominant role in stabilizing the present 
octahedral coordination geometry about the zinc(II) atom. Furthermore, the 
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carboxylato group in 4.3.1 may also be described as acting in a "pseudo syn-syn 
bidentate bridging，，mode through the aqua ligand. 
Structures of[Zn2a4ju-PhsP(CH02CO2-O,O]2] (4.3.2) and[Zn2Br4{ju-
Ph3P(CH2)2CO2-O,OJ2] (4,3.3) 
As shown in Fig. 4.3.2, complexes 4.3.2 and 4.3.3 are isostructuraI in which two 
zinc(n) atoms are ^i-0,0'-bridged by a pair of L ligands [Zn-0 = 1.961(6)-2.009(4) A 
for 4.3.2; 1.973(6)-2.013(7) A for 4.3.3] with a non-bonding separation of 4.045(2) 
for 4.3.2 and 4.011(2) A for 4.3.3, respectively. 
Table 4.3.2. Selected bond lengths (A) and angles (°) for 4.3.2 (X= C1) and 4.3.3 
(X = Br). 
4 J 2 4J3 4Z2 4i3l 
Zn(l)-X(l) 2.215 (2) 2.354 (2) Zn(l)-X(2) 2.235 (2) 2.381 (2) 
Zn(l)-0(2) 1.984 (3) 1.983 (6) Zn(l)-0(4) 2.009(4) 2.013 (7) 
Zn(2)-X(3) 2.196 (2) 2.332 (2) Zn(2)-X(4) 2.243 (1) 2.384 (2) 
Zn(2)-0(1) 1.987(3) 1.999 (6) Zn(2)-0(3) 1.961 (3) 1.973 (6) 
C(21)-0(1) 1.250(6) 1.23 (1) C(21)-0(2) 1.245 (5) 1.261 (9) 
C(42)-0(3) 1.248(5) 1.26(1) C(42)-0(4) 1.262(6) 1.23 (1) 
X(l)-Zn(l)-X(2) 118.1(1) 117.7(1) 乂⑴-乙口⑴-。(〗）108.2(1) 107.3(2) 
X(2)-Zn(l)-0(2) 104.5(1) 105.0(2) X � - Z n ( l ) - 0 ( 4 ) 109.0(1) 109.7(2) 
X(2)-Zn(l)-0(4) 102.9(1) 102.2(2) 0(2)-Zn(l)-0(4) 114.3(1) 115.1(2) 
X(3)-Zn(2)-X(4) 119.0(1) 117.6(1) X(3)-Zn(2)-0(1) 107.2(1) 107.7(2) 
X(4)-Zn(2)-0(1) 103.4(1) 103.5(2) X(3)-Zn(2)-0(3) 111.3(1) 111.4(2) 
X(4)-Zn(2)-0(3) 105.1(1) 105.1(2) CKl)-Zn(2)-0(3) 110.6(1) 111.3(2) 
CXl)-C(21)-0(2) 124.4(4) 124.8(8) Zn(2)-0(l)-C(21) 135.0(3) 134.7(5) 
Zn(l)-0(2)-C(21) 121.0(3) 121.3(6) 0(3)-C(42)-0(4) 125.2(4) 125.9(8) 
Zn(2)-0(3)-C(42) 128.2(3) 126.7(6) Zn(l)-CK4)-C(42) 135.2(3) 134.5(7) 
The Zn-0 bond lengths in complexes 4.3.2 and 4.3.3 are comparable to those in the 
zinc(II) tertiary amine betaine complexes [Zn(pyBET)^l20)Cl2], ^ ^^  
[Zn(pyBET)2Cy,137 [h(BET)2Cy.H20i37 and [Zn(ppBET)2CI2]''' in which the 
zinc(II) atom is in a tetrahedron environment and the carboxylato groups function in 
the unidentate mode. The tetrahedral coordination sphere about each zinc(II) atom in 
4.3.2 and 4.3.3 is completed by two terminal halo ligands [Zn-CI = 2.196(2)-2.243(1) 
A for 4.3.2; Zn-Br = 2.332(2)-2.384(2) A for 4.3.3] at normal bond distances/^^ On 
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the other hand, the carboxylato groups in 4.3.2 and 4.3.3 act in an unusual skew-skew 
bidentate bridging fashion [Zn(l)-0(2)-C(21)-C(20) = 160.2(2) for 4.3.2, 158.6(5)° 
for 4.3.3; Zn(l)-0(4)-C(42)-C(41) = 114.8(3) for 4.3.2., 118 .4 (5 )� fo r 4.3.3; Zn(2)-
0山-€(21)-0(20) = 105.2(3) for 4.3.2., 110 .7(5)� for 4.3.3; Zn(2)-0(3)-C(42)-C(41) 
=165.1(3) for 4.3.2, 161.0(5)° for 4.3.3], which is similar to those found in polymeric 
[{Mn(BET)3)n] -wMnCU, in which a pair of adjacent Mn(II) atoms are bridged by three 
carboxylato groups in a skew-skew fashion forming a one-dimensional polymeric 
structure [Mn-O-C-0 = 145.0(4) and -86.2(4)o]"8 However, in this complex two 
Mn(II) atoms lie on the same side of the plane of the carboxylato group, but in 4.3.2 
and 4.3.3 two Zn(II) atoms lie on different sides of the plane containing the 
carboxylato group of the betaine ligand. 
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Figure 4.3.2. Molecular structure and atom numbering of [Zn2Cl4{Ph3P(CH2)2CO2-
0 , 0 ) ) ] 2 4.3.2. Hydrogen atoms are omitted for clarity. The thermal ellipsoids are 
drawn at the 35% probability level. [Zn2Br4{Ph3P(CH2)2CO2-0,0 )}]2 4.3.3 is 
isostructural to 4.3.2. 
Although the crystal structures of zinc(II) carboxylates have been widely studied, 
binuclear species containing carboxylato ligands acting as bridging agents are 
rare. Known examples include [Zn2(bpy)2(MeCO2)3](ClO4)/^^ [Zn2(bbap)(H2O)(|a_ 
OBz)](ClO4)2 -4MeOH (Hbbap = 2,6-bis[bis(2-benzimidazolylmethyI)aminomethyl]-4-
methylphenol)i5o and [A2Zn2(^i-0H)(^i-MeC02)2](C104).H20 (A = 1,4,7-trimethyI-
l，4，7-triazacyclononane)i5i in which two zinc(II) atoms are linked by one monodentate 
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carboxylato ligand or hydroxo group, as well as bidentate bridging carboxylato groups 
with a non-bonding Zn".Zn separation of 3.275, 3.443，and 3.31 A, 
respectively. These complexes serve as model compounds of the important enzyme 
phospholipase C (PLC) from bacillus cereus^^^ in which two of the three zinc(II) 
atoms in the active site are connected to each other through one OH' group or one 
H2O molecule, as well as through the carboxylate function of an asparagate unit with a 
Zn."Zn separation under 3.4 A. Two other examples are the tris(^i-carboxylato-0,0') 
bridged [Zn(MeCO2)3f+ cation^" and tetrakis(^i-carboxylato-0,0') bridged 
[Zn2(MeCH=CHCO2)4(C9H7N)2] complex with a Zn".Zn separation of 3.538 and 
2.976 A, respectively.i53 
Complexes 4.3.2 and 4.3.3 together with the cation [Zn(MeCO2)3]2+ and the 
complex [Zn2(MeCH=CHCO2)4(C9H7N)2] form a series of dinuclear zinc(II) 
complexes in which the metal centers are bridged solely by two, three or four [x-0,0-
carboxylato groups, with 4.3.3 and 4.3.3 exhibiting the longest Zn...Zn separation 
among them. Notably this M...M separation is much longer than those in bis(j^-
carboxylato) complexes of other metals such as [Ag2{^-Cp3C02-0,0 ^2] (planar 
configuration, M".M = 2.967(3) A ) , 4 pSfi2{|>CF3C02-C>,0)2(2-(methylallyl)-3-
n0rb0rnyl)2] (nonplanar, 3 . 15 1 (2) A f 5 and [Ni2{^i-MeC02-0,0')2(2-(methylallyl)-3-
n0rb0rnyl)2] (nonplanar，3.079(1) A).^ ^^ This suggests that, in the absence of direct 
M-M bonding, the bridged dinuclear framework is quite soft, and the preferred 
tetrahedral coordination geometry about the Zn(II) atom entices the carboxylato group 
of L to act in a skew-skew fashion that generates the hitherto longest Zn—Zn 
separation in 4.3.2 and 4.3.3. 
4.3.2. Interaction ofMercury(II ) HaIides with Tertiary Phosphine Betaines 
Mercury(II) carboxylates, especially the acetate and trifluoroacetate, will attack 
unsaturated hydrocarbons to form Hg-C bonds which can be used to synthesize a wide 
variety of organic compounds.'^^'^^^ For example, they can be used as catalysts in the 
synthesis of aldehydes and ketones'^^ and of stereospecific enol derivatives from 
alkynes.i^ However, the structures of simple mercury(II) carboxylates are quite rare 
in the literature, and many are organometallic compounds. For the known structures 
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of mercury(II) carboxylates, the carboxylato group exhibits a variety of coordination 
modes. In the organometallic complexes [PhHg(MeCO2)];' ' [C{Hg(F3CC02))4],"' 
[C{Hg(MeC02))4].2H20,i63 and [{NfeC(CO)hCHHg(MeCGb)]i64 the carboxylato 
group commonly acts in a unidentate fashion. The bidentate chelate mode of the 
carboxylate group exists in [Hg(PBu3)(MeCO2)2]/'' [Hg(MeS)(MeCO2)(4-
methylpyridine)] and [Hg(EtS)(MeC02)( 4-methylpyridine)].� 6 6 A syn-syn bidentate 
carboxylato-0,0 ' bridging mode was found in the dimeric charge-transfer complex 
[Hg2(F3CCCb)4{C6(CH3)6h],i67 whereas in [{Hg2(BET)2CU-HgCl2)n]''' (BET = 
Me3NXH2CO2") the carboxylato group acts in an unusual iA-0,0 bridging mode which 
commonly exists in metal alkoxide complexes/^ In all these complexes, apart from the 
primary coordination bonds, there are usually secondary interactions between the 
mercury atom and adjacent donor atoms that lead to a complicated coordination 
polymeric structure. 
Results and discussion 
Reaction of Ph3P^(CH2)2CO2" with HgCl2 or HgI2 at a molar ratio of 2:1 in 
CH3CN led to the formation of [HgCl2{Ph3P(CH2)2CO2}] 4.3.4 and 
[HgI2{Ph3P(CH2)2CO2}] 4.3.5, respectively. Reaction ofPh3P^(CH2)3CO2" with HgCb 
at the same molar ratio in CH3CN yielded [HgCl(|ii-Cl){Phi3P(CH2)3CCb}] 4.3.6. 
Structures of[HgCh{Ph3P(CH2)2CO2}] (4,3.5) and[Hgh{Ph3P(CH2)2CO2}] (4.3,6) 
The isostructural complexes 4.3.5 and 4.3.6 comprise a packing of discrete 
[HgX2{Ph3P(CH2)2CO2}] (X = C1 or I) molecules in the crystal lattice. As depicted in 
Fig. 4.3.3，the mercury(II) atom is unsymmetrically chelated by a Ph3P^(CH2)2CO2" 
ligand with one oxygen atom strongly bonded to it [Hg-0 = 2.337(12) A for 4.3.4, 
and 2.355(13) A for 4.3.5] and the other more weakly bound [2.587(15) A for 4.3.4, 
and 2.629(16)Afor 4.3.5]. 
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Table 4.3.3. Selected bond lengths (A) and angles (。）for 4.3.4 (X = C1) and 
4.3.5 (X = I). 
4.3.4 4.3.5 4.3.4 
Hg(l)-X(l) 2.362 (5) 2.653 (2) Hg(l)-X(2) 2.357 (4) 2.659 (2) 
Hg(l)-0(1) 2.34 (1) 2.36 (1) Hg(l)-0(2) 2.59 (1) 2.62 (1) 
C(21)-0(1) 1.26(2) 1.25 (2) C(21)-0(2) 1.22 (2) 1.21 (2) 
X(l)-Hg(l)-X(2) 133.9(2) 129.5(1) X(l)-Hg(l)-0(1) 114.2(3) 120.7(3) 
X ( 2 ) - H g � - 0 ( 1 ) 111.4(3) 109.6(3) X(l)-Hg(l)-0(2) 108.7(3) 109.0(3) 
乂⑵-只吕⑴-。(!） 104.4(3) 104.0(3) 。⑴-拖⑴-。(!） 52.1(4) 51.3(4) 
C(20)-C(21)-0(1) 119(1) 119(1) C(20)-C(21)-0(2) 118(2) 117(1) 
0(l)-C(21)-0(2) 123(2) 124(2) Hg(l)-0(l)-C(21) 97.6(9) 98(1) 
Hg(l)-0(2)-C(21) 87(1) 87(1) 
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Figure 4.3.3. Molecular structure and atom numbering of pHgCl2{Ph3P(CH2)2CO2}] 
4.3.4. Hydrogen atoms are omitted for clarity, and secondary interactions are 
indicated by broken lines. The thermal ellipsoids are drawn at the 35% probability 
level. [HgI2{Ph3P(CH2)2CO2}] 4.3.5 is isostructural to 4.3.4. 
The distorted tetrahedral coordination sphere about the Hg(II) atom is completed by 
two terminal X ligands [Hg-Cl = 2.362(5) and 2.356(5) for 4.3.4; Hg-I = 2.658(2) and 
2.653(20 A for 4.3.5]. This asymmetric chelate mode of the carboxylato group in 
mercury(II) complexes is also found in [Hg(PBu'3)(MeCO2)2] [av. Hg-0 = 2.26(1) and 
2.62(4) A]，i65 [Hg(MeS)(MeCO2)(4-methylpyridine)] [Hg-0 = 2.44(2) and 2.66(2) 
A]i66 and [Hg(EtS)(MeCO2)(4-methylpyridine)] [Hg-0 = 2.41(1) and 2.61(1) A].^'' It 
is worthy of note that all these complexes, including 4.3.4 and 4.3.5, have a similar 153 
long Hg-0 distance although the coordination environment about the Hg(II) atom is 
much different. 
The distance between one oxygen atom of the carboxylato group and the 
mercury(II) atom of an adjacent molecule [2.934 for 4.3.4 and 2.938 A for 4.3.5] is 
close to the sum of the van der Waals radii of mercury and oxygen (1.50 + 1.40)/^^ 
which indicates that a secondary interaction exists between them. 
The Hg-Cl bond lengths in 4.3.4 are slightly shorter than those in [{Hg2(BET)2Cl4 
•HgCbjn] [2.346(5) and 2.248(5) A ] ^ and [{Hg2(pyBET)2Cl,HgCWn] [2.318(5) and 
2.311(7) A],i68 but the Cl-Hg-Cl angle of 1 3 3 . 9 ( 2 ) � i s much smaller than the 
corresponding angles 157.9(2)° and 156.2(2)。，and this may be due to the repulsive 
interaction between the bulky Ph3P group and the chloro ligands, which also accounts 
for the smaller I-Hg-I angle of 129.5(1)� in 4.3.5 as compared to the Cl-Hg-Cl angle in 
4.3.4. 
Structure of[Hg2fl"h3P(CH2)3CChh(M-Cl)2Cl2] (4.3.6) 
Complex 4.3.6 consists of discrete [HgCl(ja-Cl){Pli3P(CH2)3C02)]2 molecules 
packed in the crystal lattice. 
C2ia 01a C16 C15 。9^^¥^:. 
C15o ci6o � 01 C21 
Figure 4.3.4. Molecular structure and atom numbering of [HgCl(|it-Cl){PbP-
(CH2)2C02}]2 4.3.6. Hydrogen atoms are omitted for clarity. The thermal 
ellipsoids are drawn at the 35% probability level. 
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Table 4.3.4. Selected bond lengths (A) and angles (。）for 4.3.6, 
Hg(l)-Cl(l) 2.366 (3) Hg(l)-Cl(2) 2.588 (2) 
Hg(l)-0(1) 2.641 (7) Hg(l)-0(2) 2.259 (5) 
Hg(l)-Cl(2a) 2.701 (3) C(22)-0(1) 1.23 (1) 
C(22)-0(2) 1.25 (1) 
CKl)-Hg(l)-Cl(2) 117.3(1) Cl(l)-Hg(l)-0(1) 94.1(2) 
CK2)-HgW-0(l) 114.8(1) Cl(l)-Hg(l)-0(2) 139.9(2) 
Cl(2)-Hg(l)-0(2) 98.4(2) CXl)-Hg(l)-0(2) 52.1(2) 
CKl)-Hg(l)-Cl(2a) 106.6(1) C l ( 2 ) - ^ � - C l ( 2 a ) 89.1(1) 
0(l)-Hg(l)-Cl(2a) 136.7(2) 0(2)-J^l)-Cl(2a) 90.8(2) 
Hg(l)-Cl(2)-Hg(la) 90.9(1) C(21)-C(22)-0(1) 117.6(8) 
C(21)-C(22)-0(2) 119.6(7) 0(l)-C(22)-0(2) 122.7(7) 
HgW-0(l)-C(22) 83.7(5) ! ^…-•⑵ -匸 ( ! !） 101.4(5) 
Symmetiy code: a) -x, -y, -z. 
Unlike 4.3.4 and 4.3.5, complex 4.3.6 is a centrosymmetric dimer (Fig. 4.3.4) in which 
the mercury(II) atoms are unsymmetrically linked by a pair of chloro bridges [Hg-Cl = 
2.588(2) and 2.701(3) A] with a non-bonded H g - H g separation o f3 .769( l ) A. The 
coordination sphere about each mercury(II) atom is completed by an unsymmetrical 
bidentate Ph3P+(CH2)3CO2- ligand (with one oxygen atom tightly bound [Hg-0 = 
2.259(5) A ] and the other more loosely bound [2.641(7) A]) and a terminal chloro 
ligand [Hg-Cl = 2.366(3) A] in a very distorted square-pyramidal environment, with 
bond angles ranging from 52.1(2)-139.9(2)°. The terminal Hg-Cl bond length is 
comparable to those in 4.3.4, but markedly shorter than those o f the bridging Hg-Cl 
bond, which is a common structural feature in halide-bridged dimers of the type 
[Hg2L2(^i-X)2X2], where X is a halo ligand and L a neutral ligand such as betaine and 
PR3 丨68,170’171 
The molecular structure of complex 4.3.6 is very similar to [HgCl(^i-Cl)(ppBET)]2 
(ppBET = C5H5N+(CH2)2CO2-).i68 However, it is noteworthy that in 4.3.6 the bulky 
PPh3 group leans toward the Hg2Cl2 unit, rather than stretches away from it as 
observed in [HgCl(^i-Cl)(ppBET)]2, although there are no interaction between the 
mercury(II) atom and the phenyl groups of the Ph3PXCH)3CO2" ligand since the 
nearest 均…匸 distance exceeds 4.0 A. 
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4.4. Cobalt(H), Copper(II) and Silver(]^  Complexes 
Results and Discussion 
Reaction ofPh3F(CH2)2CO2- with Co(C104)2.6H20, Cu(C104)2.6H20 and AgClO4, 
j 
respectively, at a ratio of 2:1 led to the formation of [Co{Ph3P(CH2)2CO2}4(H2O)2] 
(C104)2.2H20, 4.4.1, [Cu{Ph3P(CH2)2C02)4][CU2{^i-Ph3P-(CH2)2C02-aO')4(H20)2] 
(ClO4)6.4H2O, 4.4.2 and [Ag2{Ph3P(CH2)2CCM2(C104)]2(C104)2, 4.4.4. Reaction of 
PbP+(CH2)2C02- and A^,A^,A^W-tetramethylethylenediamine (tmen) with Cu(BF4)2 
•XH2O at a ratio of 1:1:1 yielded mixed-ligand complex [Cu{Ph3P(CH2)2CO2} (tmen)-
(H2O)2](BF4)2 4.4.3. It is worthy of note that the reaction of Cu(C104)2.6H20 and 
Ph3PXCH2)2CO2 in CH3CN/H2O and dmfyH2O gave the same product 4.4.2 as 
confirmed by single-crystal X-ray analysis. 
Structure of [Co{Ph2P(CH2)2C02}4(H20)2](Cl04)2.2H20 (4,4A) 
Complex 4.4.1 consists of [Co{Ph3P(CH2)2C02)4(H20)2]'^ cations, ClO4 anions 
and water molecules packed together in the crystal lattice. It is isostructural with the 
related cadmium(II) complex [Cd{Ph3P(CH2)2CCM4(H2O)2](ClO4)2.2H2O (4.2.4) and 
zinc(II) complex [Zn{Ph3P(CH2)2C02)4(H20)2](C104)2.2H20 (4.3.1). 
^^:’5^  
我藝。驟。# 
w ^ ^ 
C15 Figure 4.4.1. Molecular structure and atom numbering of the 
[Co{Ph3P(CH2)2CO2WH2O)2]2+ cation in 4.4.1. Hydrogen atoms are 
omitted for clarity, and hydrogen bonds are indicated by broken lines. The 
thermal ellipsoids are draw at the 35% probability level. Symmetry code: 
a) -X, -y, -z. 
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Table 4.4.1. Selected bond lengths (A) and angles (。）for 4.4.1. 
Co(l)-0(lW) 2.150 (3) Co(l)-O(l) 2.104 (5) 
Co(l)-0(3) 2.106 (4) C(21)-0(1) 1.242(8) 
C(21)-0(2) 1.237 (8) C(42)-0(3) 1.267(6) 
C(42)-CH4) 1.236 (7) 
0(lW)-Co(l)-0(l) 90.0(1) 0(lW)-Co(l)-0(3) 92.0(1) 
0(l)-Co(l)-0(3) 91.1(2) 0(lW)-Co(l)-0(lWa) 180.0(1) 
0(l)-Co(l)-0(lWa) 90.0(1) 0(3)-CcKl)-0(lWa) 88.0(1) 
0(l)-Co(l)-0(la) 180.0(1) 0(3)-Co(l)-0(la) 88.9(2) 
0(lW)-Co(l)-0(3a) 88.0(1) 0(3)-CcKl)-0(3a) 180.0(1) 
CXl)-C(21)-0(2) 125.6(7) Co(l)-O(l)-C(21) 132.1(4) 
0(3)-C(42)-0(4) 126.1(5) Co(l)-0(3)-C(42) 128.5(4) 
Hydrogen bonds 
0(lW>..0(2) 2.678(7) 0(lW>..0(4) 2.651(7) 
0(2W>..0(2) 2.847(7) 
0(4)."0(lW>..0(2) 94.2(5) 0(2W>..0(2)...0(lW) 92.7(5) 
Symmetry code: a) -x, -y，-z. 
In the cation the Co(II) atom is located at an inversion center and coordinated by two 
/r^ms-related aqua ligands [Co-0 = 2.150(3) A] and two pairs of unidentate 
P^P+(CH2)2C02- ligands [Co-0 = 2.104(5) and 2.106(4) A] in a nearly perfect 
octahedral environment (Fig. 4.4.1), which is very similar to that in the dication 
[Co-0(aqua) = 2.127(2) A; Co-0(carboxylate) = 2.089(2) and 2.090(2) A] of 
[Co(pyBET)4(H20)]'2[Co(pyBET)Cl3]."2 
As in the cadmium(II) and zinc(II) analogues, the cation [Co{Phi3P(CH2hC02)4-
(H2O)2]2+ has four carboxylate groups arranged in such a way that each aqua ligand 
forms two strong intramolecular hydrogen bonds [0—0 = 2.651(5) and 2.678(5) A] 
with the pendent oxygen atoms of two adjacent betaine ligands (Fig. 4.4.1). Thus the 
carboxylato group in this cation may also be described as functioning in a "pseudo syn-
syn bidentate bridging" mode. 
It is worthy ofnote that (i) reaction ofPli3P+(CH2)2C02- with Co(ClO4)2.6H2O and 
Cd(ClO4)2.1H2O at a ratio of 2:1:1 led to the formation of the complex 
[Cd{Ph3P(CH2)2C02)4(H20)2](C104)2-2H20, and (ii) addition ofan equimolar quantity 
of Cd(C104)2.xH20 (1:1) in a dmf of 4.4.1 also yield crystals of the same cadmium(II) 
complex. These results indicate that (i) the intramolecular hydrogen bonding in 4.4.1 
and the related cadmium(II) complex plays a dominant role in stabilizing the octahedral 
coordination geometry involving both the aqua and unidentate carboxylato ligands and 
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inhibits the coordination of the carboxylato groups to other metal atoms to form 
polynuclear complexes, and (ii) the betaine ligand P b P X C H s h C O / coordinates to 
Cd(II) atom in preference to Co(II) and complete substitution ofCo(I I ) by Cd(II) can 
be effected without changing the coordination environment. 
Structure of[Cu{Ph3P(CH02CO2h][Cu2{ju-Ph3P(CH92CO20,0 %(H2O)2](ClO4)6 
•4H2O (4.4,2). 
Complex 2 comprises a packing of discrete mononuclear [Cu{Pli3P(CH2)2C02)4]2+ 
cations (4.4.2a)，binuclear [Cu2{n-Ph3P(ay2C02-0,0，}4(H20)2]4+ cations (4.4.2b)， 
ClO4- anions and water molecules in the crystal lattice. 
¥.. k~r\ . C J % # ^ 
¢ ^ ^ : 
C1%13 ^ ¾ -
fe � C25^^C23 C14 C24 
Figure 4.4.2. Molecular structure and atom numbering of the 
[Cu{Ph3P(CH2)2C02}4]2+ (4.4.2a) dication in 4.4.2. Hydrogen atoms 
are omitted for clarity. The thermal ellipsoids are draw at the 35% 
probability level. Symmetry code: a) -x, -y, -z. 
In the mononuclear cation (Fig. 4.4.2), the copper(II) atom is located at an inversion 
center, being coordinated by four unidentate Ph3PXCH2)2CO2" ligands [1.949(7) and 
1.93(1) A] arranged in an alternately up/down fashion, such that the coordination 




exists in the structures of complexes [Cu(BET>j]0S[O3)2 '^ ' and [Cu(ppBET)4] 
(C104)2.i74 
Table 4.4.2. Selected bond lengths (A) and angles (。）for 4.4.2. i j 
I 
j ~ ~ ~ " " ~ ~ ~ ~ ~ " " ~ ~ ~ ^ ~ " " — ^ ~ « ~ ~ - ~ " ~ ~ ~ ~ " « ~ ~ ~ « ^ ^ « ~ — _ ^ _ ^ _ « « ^ _ _ « _ « - « ^ ^ « ^ ^ ^ ^ « Molecule 4.4.2a 丨 Cu(l)-0(1) 1.948(7) Cu(l)-0(3) 1.93(1) 
C(21)-0(1) 1.29(1) C(21)-0(2) 1.21 (1) 
C(42)-0(3) 1.29(1) C(42KX4) 1.15(2) 
0(l)-Cu(l)-0(3) 88.0(4) CK1)-Cu(l)-0(1A) 180.0(1) 
0(3)-Cu(l)-0(lA) 92.0(4) 0(l)-Cu(l)-0(3A) 92.0(4) 
0(3)-Cu(l)-0(3A) 180.0(1) 0(lA)-Cu(l)-0(3A) 88.0(4) 
0(l)-C(21)-0(2) 128(1) Cu(l)-0(l)-C(21) 119.4(8) 
0(3)-C(42)-0(4) 125(1) Cu(l)-0(3)-C(42) 130(1) 
Molecule 4.4.2b 
Cu(2)-0(lW) 2.130(7) Cu(2)-0(5) 1.954 (7) 
Cu(2)-0(7) 1.960(7) Cu(2)-Cu(2A) 2.665 (2) 
Cu(2)-0(6A) 1.978 (7) Cu(2)-0(8A) 1.967 (7) 
C(63)-0(5) 1.24 (1) C(63)-0(6) 1.24 (1) 
C(84)-0(7) 1.29(1) C(84)-0(8) 1.22(1) 
0(lW)-Cu(2)-0(5) 94.9(3) 0(lW)-Cu(2)-0(7) 98.8(3) 
0(5)-Cu(2)-0(7) 89.2(3) 0(lW)-Cu(2)-Cu(2A) 173.8(2) 
0(5)-Cu(2)-Cu(2A) 85.4(2) 0(7)-Cu(2)-Cu(2A) 87.4(2) 
0(lW)-Cu(2)-0(6A) 97.7(3) 0(5)-Cu(2)-0(6A) 167.4(3) 
0(7)-Cu(2)-0(6A) 90.3(3) Cu(2A)-Cu(2)-0(6A) 82.0(2) 
0(lW)-Cu(2)-0(8A) 93.8(3) 0(5)-Cu(2)-0(8A) 89.1(3) 
0(7)-Cu(2)-0(8A) 167.4(3) Cu(2A)-Cu(2)-0(8A) 80.0(2) 
0(6A)-Cu(2)-0(8A) 88.7(3) 0(5)-C(63)-0(6) 128(1) 
Cu(2)-0(5)-C(63) 120.9(6) C(63)-0(6)-Cu(2A) 123.6(7) 
0(7)-C(84)-0(8) 126.1(9) Cu(2)-0(7)-C(84) 118.3(7) 
C(84)-0(8)-Cu(2A) 128.2(7) 
Symmetry code: a) -x, -y, -z; b) l-x, l-y, l-z. 
On the other hand, in 4.4.2a the Cu."0(pendant) distances of 3.087 and 3.265 A, 
respectively, are significantly longer than those found in [Cu(BET)4](NO3)2 [2.833 
A]"3 and [Cu(ppBET)4](ClO4)2 [2.839 and 3.088 A]，^ in which the pendant oxygen 
atoms of the carboxylato groups are considered to be involved in coordination and 
thus the coordination environment about the Cu(II) atom is regarded as (4 + 4*) 
distorted dodecahedral. This assignment is also based on spectral studies of the 
analogous complexes [ {CaCu(MeCO2)4(H2O)}n]-4^7H20 [Cu-0 = 1.969(1) and 
2.788(2) A]"5i76 and [Cu(aha)4](ClO4)2 [Cu-0 = 1.93(1) and 2.88(1) A ] � ” with the 
suggestion that one of the filled sp^ orbitals of the long-bonded carboxy oxygen atom 
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weakly overlaps the d � o r b i t a l of the Cu(II) atom. However, in 4.4.2a the angle 
between the Cu-0(pendant) vectors and the normal to the 0 ( l )0 (3 )Cu( l )0 ( la )0 (3a ) 
plane of 43.5 and 50.4。，respectively, prevent overlap with the metal-ligand orbitals 
and hence exclude the pendant oxygen atoms from involvement in l i g a t i o n . " ^ 
^ ^ V 
i r ^ ^ ^ " ^ ^ ^ C48b ^^C54b ^¾¾^¾ 
:::¾¾^ 
:濟'^ ¾^:^ ^ 
C 7 2 Figure 4.4.3. Molecular structure and atom numbering of the [Cu2{|^-
Ph3P(CH2)2CO2-O,O]4(H2O)2]4+ (4.4.2b) dication in 4.4.2. Hydrogen atoms 
are omitted for clarity. The thermal ellipsoids are draw at the 35% probability 
level. Symmetry code: b) l-x, l-少，l-z. 
Copper(II) complexes with the binuclear tetracarboxylate structure have been 
extensively studied.^ ^-^^-'^ ' The nature of the Cu."Cu interaction is still a mater of 
considerable controversy. Factors affecting the Cu—Cu distance have been discussed, 
and the most important point is that a direct relation exists between the Cu -Cu 
separation and the Cu-basal plane displacement.^^ In the centrosymmetric tetrakis(^i-
carboxylato-0.0') dicopper(II) cation 4.4.2b (Fig. 4.4.3) the bidentate bridging 
carboxylato groups and copper(II) atoms, which are 2.665(2) A apart, forms two 
planes with a dihedral angle of 89.6(4)�. The apical sites at both terminals of the 
Cu -Cu axis are occupied by aqua ligands [Cu(2)-Cu(2a)-0(lw) = 173.8(2)]，so that 
each copper(II) atoms is in a distorted tetragonal pyramidal environment and displaced 
0.216(2) A from the least-squares plane through the basal oxygen atoms toward the 160 
i • 
apical water oxygen, whose distance from this plane is 2.343(7) A. These values are 
well comparable to those found in [Cu2(ppBET)4(H2O)2](ClO4)4.4H2O [0.212, 2.377 
A] and [Cu2(pyBET)4(H2O)2]OS[O3)4.2H2O [0.188，2.347 A].'' The average Cu".Cu-
0 angle (83.7°) in 4.4.2b is the same as the predicated value for a Cu."Cu distance of 
2.665(2) A according to the empirical linear relationship o fKoh and Chr i s toph , 
A notable feature of complex 4.4.2 is the hydrogen bonding between the aqua ligands 
and the pendant oxygen atoms of the carboxylato groups [ 0 - 0 = 2.719(7) A] which 
links the mononuclear and tetrakis(carboxylato-0,0') dimetal species into a 
one-dimensional polymer extending along the a axis (Fig. 4.4.4). The angle Cu-"Cu-
0 ( l w ) = 173.8(2)� in 4.4.2a and the longer Cu(l ) ."0(2) distance can be rationalized 
on the basis of this hydrogen bonding. 
每:^^ ^ 夸：^^  
^ $ v ^ ^'Mmr^ v l f f v v | 4 l V 
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Figure 4.4.4. Stereoview of the crystal structure of 4.4.2. Hydrogen atoms and 
phenyl groups are omitted for clarity, and hydrogen bonds are indicated by broken 
lines. The origin lies at the upper right comer with a pointing from right to left, b 
downward, and c toward the reader. 
Crystalstructure of[Cu{Ph3P(CH2)2CO2Ktmen)(H2O)2](BF4)2 (4,4.3) 
Complex 4.4.3 comprises [Cu{Ph3P(CH2)2CO2} (tmen)(H2O)]'" cations and BF4-
anions packed together in the crystal lattice. As illustrated in Fig. 4.4.5，the copper(II) 
atom exhibits distorted tetragonal pyramidal coordination. At the corners of the 
pyramidal base are a unidentate Ph3P^(CH2)2CO2' ligand [Cu-0 = 1.956(3) A], an aqua 
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ligand [Cu - 0 = 2.023(4) A] and a chelate tmen ligand [Cu-N = 2.030(5) and 2.033(5) 
A]. Five coordination is achieved with a second aqua ligand at the top of the pyramid 
[Cu-0 = 2.283(4) A]. The copper(II) atom is displaced by 0.220(2) A from the basal 
least-squares plane [the mean deviation ofatoms from the plane is 0.014 A] toward the 
apical aqua ligand oxygen, whose distance from this plane is 2.481(6) A. 
Table 4.4.3. Selected bond lengths (A) and angles (°) for 4.4.3. 
Cu(l)-0(1) 1.956(3) Cu(l)-0(1W) 2.023(4) 
Cu(l)-N(l) 2.030(5) Cu(l)-N(2) 2.033(5) 
OK1)-O(2w) 2.283(4) C(21)-0(2) 1.242(6) 
C(21)-0(1) 1.260(6) 
CK1)-Cu(l)-0(1W) 89.4(2) 0(1)-Cu(l)-N(l) 90.5(2) 
0(1W)-Cu(l)-N(l) 166.6(2) 0(l)-Cu(l)-N(2) 167.9(2) 
0(lW)-Cu(l)-N(2) 91.5(2) N(l)-Cu(l)-N(2) 85.9(2) 
0(l)-Cu(l)-0(2W) 93.4(1) 0(lW)-Cu(l)-0(2W) 89.1(2) 
N(l)-Cu(l)-0(2W) 104.3(2) N(2)-Cu(l)-0(2W) 98.7(2) 
0(2)-C(21)-0(l) 125.2(5) 0(2)-C(21)-C(20) 118.6(5) 
0(l)-C(21)-C(20) 116.1(4) C(21)-CKl)-Cu(l) 131.3(3) 
Hydrogen bonds 
0(2W>..0(2) 2.659(5) 0(lWa) � 0 ( 2 ) 2.659(5) 
0(2) -0(2W)-Cu(l) 83.6(3) 0(2WV..O(2)."0(lWa) 118.3(3) 
0(2a) -0(1W)-Cu(l) 119.0(3) 
SymmetQ^ code: a) -x, -y, -z. 
^^J^DC4 C 2 ^ ^ ^ 
伴 ' Y 
^ ^ ^ W w = " 
、 ^ ^ C 1 5 ��02o Y 02w� 
eV^#^2� 
^N1a 
Figure 4.4.5. Molecular structure and atom numbering of [Cu{Ph3P(CH2)2CO2}-
(tmen)^l20)2]2+ dication in 4.4.3. Hydrogen atoms are omitted for clarity, and 
hydrogen bonds are indicated by broken lines. The thermal ellipsoids are draw at 
the 35% probability level. Symmetry code: a) -x, -y, -z. 
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The distance of3.307(4) A between the pendent oxygen atom o f the betaine ligand and 
the copper center and the 0(2)-Cu(l) -0(2w) angle at 53 .0(3)�exclude any bonding 
interaction between them. As compared to [Cu(L-asp)(H2O)2]n (L-asp = L-
aspartato)29 [Cu-0(carboxylate) = 1.955(3) and 1.950(3) A; Cu-N = 1.998(4); Cu-
0(aqua) = 1.946(3) and 2.313(3) A], 4.4.3 exhibits a significantly longer Cu-basal 
displacement than the former complex [0.107(1) A], but has a slightly shorter Cu-
0(apical aqua) bond length which may be attributed to the Jahn-Teller effect. 
The distorted tetragonal pyramidal coordination environment about the metal atom 
is commonly observed in mixed-ligand copper(II) complexes of N-protected amino 
acids and unidentate or bidentate amine ligands such as imidazole, pyridine and 
bipyridine.i82 The carboxylato group usually acts in a unidentate fashion. It has been 
shown that the major contribution to their stability is derived from the presence of 
heteroaromatic N-base moieties in the metal coordination sphere, causing 7i-back-
donation from metal to unsaturated ligand 71-orbitals to lower the electron 
concentration near the central ion.'^^ 
In complex 4.4.3, strong intramolecular hydrogen bonding [ 0 ( 2 ) - - 0 ( 2 W ) = 
2.659(4) A] between the apical aqua ligand and the pendant oxygen atom of the 
betaine ligand may play a dominant role in stabilizing this complex, as observed in 
[M{Ph3P(CH2)2C02)4- (H20)2](C104)2.2H20 (M = Co, Zn, Cd). The mononuclear 
species are further linked through donor hydrogen bonding from a basal aqua ligand to 
the pendant oxygen atom of a symmetry-related moiety [ 0 . . 0 = 2.659(4) A] to give 
a dimeric structure (Fig. 4.4.5). In addition, the apical aqua ligand is also hydrogen-
bonded to one of the disordered BF4" anions. 
Structure of[Ag2{PhsP(CH2)2C02)2(Cl04)]2(ClO4)2 (4,4,4) 
The crystal structure of 4.4.4 consists of a packing of discrete tetranuclear 
[Ag2{Ph3P(CH2)2CO2}2]2^^ cations and ClCV anions. As illustrated in Fig. 4.4.6, the 
centrosymmetric tetramer is constructed from the linkage of bis(carboxylato-0,0')-
bridged [Ag2{Ph3P(CH2)2CO2}2(ClO4)]^ dimers. In each dimeric unit, the silver(I) 
atoms are bridged by two Ph3P+(CH2)2CO2- ligands with a Ag...Ag separation of 
2.814(1) A that is comparable to those found in a series of related silver(I) complexes 
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of tertiary amine betaines；''"''" and is also significantly shorter than that (2.88 A) in 
metallic silver,"^ thus indicating an appreciable metal-metal interaction. The 
independent silver(I) atoms are categorized into two types having different 
coordination environments: Ag(l) is bonded to two oxygen atoms of the bridging 
carboxylato groups [Ag-0 = 2.180(4) and 2.199(4) A, O-Ag-0 = 164.0(2)。]，whereas 
Ag(2) is coordinated by oxygen atoms of the bridging carboxylato groups [Ag-0 = 
2.170(4) and 2.202(4) A, O-Ag-0 = 153.6(2)°] as well as the oxygen atom from an 
adjacent dimeric unit [Ag-0 = 2.475(4) A, Ag(2)-0(4)-Ag(2a) = 98.0(2)�] . These 
values are comparable to those found in the known polymeric complexes based on 
repeating bis(carboxylato-0,0')-bridged dinuclear units of silver(I) carboxylates.'^^''®^ 
Atom 0(5 ' ) belonging to a two-fold disordered ClO4' anion is at a distance of2.51(3) 
A from Ag(2), which indicates a possibly significant interaction, as the perchlorate 
anion has been shown to be involved in the coordination sphere of siIver(I) 
[{Ag2(02CCH20C6H4Cl-2)2.AgClCMn].187 
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Figure 4.4.6. Molecular structure and atom numbering of [Ag2{Ph3P(CH2)2CO2h-
(ClO4)]2^^ cation in 4.4.4. The Phenyl groups created by symmetry operation and 
Hydrogen atoms are omitted for clarity, and weak interactions are indicated by 
broken lines. The thermal ellipsoids are draw at the 35% probability level. 
Symmetry code: a) -x, -y, -z. 
The carboxylato group of the Ph3PXCH2)2CO2" ligand, which does not partake in 
coordination to another dimeric unit, is significantly unsymmetric [C-0 = 1.216(7) and 
1.265(7) A, O-C-0 = 127.9(5)°] as compared with analogous silver(I) tertiary amine 
betaine complexes.'^^'^^^ Furthermore, this carboxylato group act in a ^w-skew 
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bidentate bridging mode with torsion angles Ag(l)-0(l)-C(21)-C(20) = 160.2(2)。and 
Ag(2)-CH2)-C(21)-C(20) = -179.6(2)。， 
Table 4.4.4. Selected bond lengths (A) and angles (°) for 4.4.4. 
Ag(l)-0(1) 2.180(4) Ag(l)-0(3) 2.199(4) 
Ag(l)-Ag(2) 2.814(1) Ag(2)-0(2) 2.170(4) 
Ag(2)-0(4) 2.202(4) Ag(2)-0(4a) 2.475(4) 
C(21)-0(2) 1.216(7) C(21)-0(1) 1.265(7) 
C(42)-CK4) 1.235(6) C(42)-0(3) 1.247(6) 
i 
0(l)-Ag(l)-0(3) 164.0(2) 0(l)-Ag(l)-Ag(2) 78.6(1) 
0(3)-Ag(l)-Ag(2) 87.4(1) 0(2)-Ag(2)-0(4) 153.6(2) 
0(2)-Ag(2)-0(4a) 106.2(2) CK4)-Ag(2)-0(4a) 82.0(2) 
0(2)-Ag(2)-Ag(l) 84.5(1) CX4)-Ag(2)-Ag(l) 77.0(1) 
0(4a)-Ag(2)-Ag(l) 149.2(1) 0(2)-C(21)-0(l) 127.9(5) 
0(2)-C(21)-C(20) 116.4(6) 0(l)-C(21)-C(20) 115.7(5) 
C(21)-0(l)-Ag(l) 124.6(4) “！”-。⑵-八呂⑵ 120.0(4) 
CX4)-C(42)-0(3) 126.7(5) CK4)-C(42)-C(41) 115.1(5) 
0(3)-C(42)-C(41) 118.2(5) C(42)-0(3)-Ag(l) 117.8(3) 
C(42)-0(4)-Ag(2) 131.0(3) C(42)-0(4)-Ag(2a) 125.1(4) 
Ag(2)-CK4)-Ag(2a) 98.0(2) 
Symmetry code: a) -x, -y，-z. 
The most striking structural feature of this complex is that the bulky Ph3P group of 
one Ph3P+(CH2)2CO2- ligand leans toward the dimeric core rather than stretches 
outward as in the other ligand. One phenyl ring of the former group (C(13)-C(18)) lies 
above and nearly parallel to one of the bridging five-membered rings (Ag(l)-0(1)-
C(21)-0(2)-Ag(2)) with a dihedral angle of 14.0(4)� The A g ( l � " C separation 
involving C(13), C(14) and C(15) are 3.376(4), 3.036(4) and 3.467(4) A, respectively, 
which indicate a possible weak interaction between them. Comparatively short 
silver(I)-aromatic ring distances have been observed in [Ag2(2,6-(HO)2C6H3CO2)2]/^^ 
where the contacts between the metal atom and the carbon atoms of an aromatic ring 
from an adjacent dimer range from 2.69 to 2.95 A. This silver(I)-aromatic interaction 
in 4.4.4 affects the arrangement of the betaine ligands and, as a consequence, prevents 




Reaction of the tertiary phosphine betaine ligand triphenylphosphoniopropionate 
with Co(C104)2.6H20, Cu(C104)2.6H20, and AgClO4, respectively, afForded 
complexes [Co{Ph3P(CH2)2C02WH20)2].2H20 (4.4.1), [Cu{Pl^P(CH2)2CCb)4] 
[Cu2{^i-Pli3P(CH2)2C02-0,0]4(H20)2](C104)6.4H20, (4.4.2) and [Ag2{Ph3P(CH2)2-
CO2h (ClO4)]2(ClO4)2 (4.4.4). Similar reaction with Cu(BF4)2.xH20 and tmen 
yielded the mixed-ligand complex [Cu{Ph3P(CH2)2CO2} {tmen)(H20)2] (4.4.3). An 
interesting feature of 4.4.1 is that the cobalt(II) atom can be substituted by 
cadmium(II) with complete restoration of the coordination sphere upon treatment 
Cd(ClO4)2.xH2O. The reaction of Cu(ClO4)2.6H2O with Ph3PXCH2)2CO2- in 
CH3CN/H2O and dfm/H2O yielded the same complex 4.4.2, which suggests that 
formation of 4.4.2 depends primarily on the choice of metal and the nature of the 
betaine ligand. On the other hand, intra- and/or intermolecular hydrogen bonds play an 
important role in the stability of 4.4.1-4.4.3, For complex 4.4.4，the weak interaction 
between the Ag(I) atom and a neighboring phenyl group affects the arrangement o f t h e 
betaine ligands and consequently prevents further association of the tetranuclear 
species to give a one-dimensional polymeric structure. 
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Chapter 5. Conclusions 
In this work, a series of organometalIic ligands /raw5-(CO)3Fe(Ph2PH)2, trans-
(CO)3Fe(Ph2Ppy)2, /raAW-(CO)3Fe(Ph2Ppym)2, and tertiary phosphine betaine 
derivatives Ph3PXCH2)2CO2-, Ph3P+(CH2)2C02', [CH2Ph2PXCH2)2CO2]2 and their 
metal complexes have been successfully synthesized and characterized by single-crystal 
X-ray analysis. The results indicate that the neutral organometalIic ligand trans-
(CO)3Fe(Ph2Ppy)2 and /mw5-(CO)3Fe(Ph2Ppym)2 can serve as convenient precursors 
for the preparation of heterobimetallic complexes containing a dative metal-metal 
bond; for the triphenylphosphine betaine derivatives, the bulky Ph3P group has a 
significant influence on the coordination behavior of the carboxylato group. 
5.1. Heterobimetallic Complexes of PPh2 , frflw<s-(CO)3Fe(Ph2Ppy)2, and trans-
(CO)3Fe(Ph2Ppy)2 
The direct reaction of organometalIic phosphido complex /ra"5*-(CO)3Fe(Ph2PH)2 
with Mo(CO)6 has been studied, leading to the formation of a phosphido-bridged 
transition bimetallic complex (CO)3Fe(n-PPh2)2Mo(CO)6. This kind of complexes are 
usually synthesized by the deprotonation of metal-coordinated secondary phosphines 
and reaction of the resulting anions with a transition-metal haIide, or by the reaction of 
a neutral complex containing two secondary phosphine groups, which functions as a 
bidentate phosphine ligand, and another metal complex containing easily leaving 
coordination groups. Although the Fe-Mo distance in this complex is markedly longer 
than the sum of the atomic radii of iron and molybdenum, the single bond between 
iron and molybdenum atoms is structurally and spectroscopically (IR and solid state ^'P 
NMR spectra) established. 
The reaction of the neutral organometalIic complex /raw5-(CO)3Fe(Ph2Ppy)2 with 
Cu(MeCN)4ClO4, Cu(ClO4)2.6H2O, AgClO4, Hg2(ClO4)2.xH2O and Fe(C104)3.xH20 
have been studied. The structural characterization of the Fe(0)~>Cu(I) and 
Fe(0)">Ag(I) bimetallic complexes have revealed that a semi-bridging interaction 
exists between the Cu or Ag atom and one of the carbonyl groups, which may be 
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important for the catalytic activity of this kind of compounds in the carbonylation of 
ethanol forming ethyl propionate according to the proposed mechanism. 
Elucidation of the molecular structure of [(C0)3Fe(^i-Ph2Ppy)2Hg(H20)(0C103)]+ 
indicates that the dative Fe(0)^Hg(II) bond length in this cation is comparable to the 
covalent Fe-Hg distance in related complexes, although the covalent bond is usually 
shorter than the dative bond between the same pair of metal atoms. This implies that 
the dative bond length mainly depends on the electronic structure of the acidic metal 
atom. 
Structural investigation of a series ofheterobimetallic complexes formed by trans-
(CO)3Fe(Ph2Ppym)2 with HgX2 (X = Cl，Br, I，SCN) and CdX2 (X = Cl, Br, I，SCN, 
ClO4) indicates that the neutral organometallic polydentate ligand trans-
(CO)3Fe(Ph2Ppym)2, similar to terpyridine, can act as a mono-, bi-, or tridentate ligand 
towards HgX2 (X = Cl, Br, I，SCN) depending on the nature of the co-existing 
halide/pesudohalide anion. The Fe-Hg metal-metal bond in these bimetallic complexes 
is mainly formed by direct electron donation from Fe(0) to Hg(II), but not effected by 
the rigidity requirement of the bridge ligand. Modification of the molecular structure 
by the use of different halide/pseudohalide anions is attributed to the difference of the 
acid strength of mercury(Il) and the base strength of the nitrogen atoms from the 
bridging ligand. However, only the tridentate coordination mode of trans-
(CO)3Fe(Ph2Ppym)2 has been observed when it coordinates to the cadmium atom, 
which is consistent with the fact that Cd(II) is harder than Hg(II). 
Other interesting findings in the present study are concerned with the reactivity of 
/ra">(CO)3Fe(Ph2Ppy)2 and /mm*-(CO)3Fe(Ph2Ppyrn)2: (i) reaction of trans-
(CO)3Fe(Ph2Ppy)2 with Cu(ClO4)2.6H2O failed to yield the expected Fe(0)-Cu(II) 
complex and an Fe(0)~>Cu(I) complex was obtained instead; (ii) the Fe(0)^Ag(I) 
complex formed with an initial reduction of some Ag(I) by /ram*-(CO)3Fe(Pfi2Ppy)2 to 
metallic silver; (iii) reaction of / r am- (CO)3Fe(Ph2Ppy)2 and Fe(ClO4)3.xH2O afforded a 
very unusual mononuclear Fe(II) complex containing a pair of strained four-membered 
rings via the oxidation of /ra".y-(CO)3Fe(Ph2Ppy)2 by Fe(III); (iv) reaction o f trans-
(CO)3Fe(Ph2Ppym)2 with [(c0d)RhCl]2, (c0d)PdCl2 and PdCl2 led to the formation of 
complexes of Rh(II), Pd(I), and Pd(II) with Ph2Ppym acting in unidentate-P or 
bidentate bridging ligand. These results indicate that (i) /ra"HCO)3Fe(Ph2Ppy)2 and 
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rra/75-(CO)3Fe(Ph2Ppym)2 are strong reductants, so that they may be used to 
synthesize complexes that are difficult to prepare by the direct reaction of metal agents 
with Ph2Ppy, such as complex [(CO)2Fe(Ph2Ppy-P,AO](ClO4)2, which in turn may serve 
as a starting material for the generation of new complexes containing metal-metal 
bonds, and (ii) the Ph2Ppym moiety weakly coordinates to Fe(0) and can easily be 
transferred to another metal atom when the organoiron ligand reacts with various 
metal reagents. 
5.2. Triphenylposphine Betaine Derivatives and Their MetaI Complexes 
Acid-free triphenylphospine betaine derivatives triphenylphosphoniopropionate, 
Ph3P(CH2)2CO2, ethane bis(diphenylphosphoniopropionate), [CH2Ph2P(CH2)2CO2]2, 
have been synthesized from the direct reaction of Ph3P and Ph2P(CH2)PPh2 with 
acrylic acid in AcOEt/acetone rather than in strong acid media. In contrast to tertiary 
amine betaine derivatives which are usually hygroscopic, these triphenylphosphine 
betaine compounds are stable in air, which may be ascribed to the existence of the 
hydrophobic group Ph3P. On the other hand, this bulky Ph3P group also has a great 
influence on the coordination behaviour of their carboxylate group, as demonstrated in 
this work. 
The interaction of triphenylphosphine betaine derivatives Ph3PXCH2)2CO2' and 
Ph3P+(CH2)3CO2- with various cadmium(II) salts have been extensively studied. A 
series o f complexes have been synthesized and structurally characterized. Among 
them are three complexes containing tetrakis-carboxylato-0,0 ‘ bridged dicadmium(II) 
core. The structure analysis of these complexes shows that (i) the different counter ion 
has little influence on the structure of the dicadmium(II) frame; (ii) the axial ligand has 
a significant influence on the Cd(II)mCd(II) distance, although the structural data 
indicates that there is no significant interaction existing between the two Cd(II) atoms. 
The plausible reason for the different Cd(II)".Cd(II) distances is ascribed to the fact 
that the axial ligand changes the hardness of the cadmium(II) atom and thus effects the 
tetrakis-carboxylato-0,0, dicadmium(II) framework. 
Although cadmium(II) intrinsically forms polymeric structures with simple 
carboxylic acids such as formic acid, acetic acid, trifluoroacetic acid, et cd., it readily 
, yields discrete complexes with triphenylphosphine betaine derivatives due to the steric 
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effect of the bulky Ph3P moiety. Cadmium(II) complexes containing discrete mono-, 
bi-, tri- and tetranuclear unit have been synthesized with the tertiary phosphine betaine 
ligands Ph3P+(CH2)2CO2- and Ph3P+(CH2)3CO2-. In these complexes the coordination 
number and geometry about the cadmium(II) atom as well as the coordination modes 
of the betaine ligands exhibit a rich variety: the coordination number of cadmium(II) 
atom ranges from four to seven with coordination polyhedra of tetrahedral, distorted 
trigonal bipyramidal, octahedral, distorted octahedral geometries; the betaine ligands 
acts in the unidentate, syn-syn bridging, syn-anti bridging, symmetric bidentate chelate, 
I asymmetric bidentate chelate, bidentate ‘‘砂“-skew’，，combined monodentate bridge and 
\ 
\ bidentate chelate mode, and a very unusual 1^3 bridging mode which provides a first 
I example in cadmium(II) carboxylates with this coordination mode. I 
It is noteworthy that in some of these complexes with the carboxylato group 
acting in the bidentate chelate mode the angles between the vectors from the 
cadmium(II) atom to the middle point of the C^..0 line of individual carboxylato 
groups and to the other coordination atoms are close to the expected polyhedral bond 
angle in an idealized environment. This fact shows that the coordination mode of the 
carboxylato group is markedly influenced by the coordination geometry about the 
cadmium(II) atom. 
The bulky Ph3P moiety of the P[i3P+(CH2)2CO2- ligand also determines the 
outcome of the reaction of AgClO4 with the betaine ligand, which leads to the 
formation of a discrete tetranuclear complex. The weak interaction between the Ag(I) 
atom and a neighboring phenyl group affects the arrangement of the betaine ligands 
and consequently prevents further association of the tetranuclear species to give a one-
dimensional polymeric structure. 
Several dinuclear zinc(II) complexes bridged solely by a pair of betaine ligands 
have been prepared. In these complexes the unusually long Zn(II)...Zn(II) distance of 
4.011(2)-4.045(2) A is accomplished via the skew-skew bridging mode of the 
carboxylato groups. 
Three complexes formulated as [M{PbP(CH2)2CCVWH20)2](C104)2.2H20 (M = 
Co, Zn, Cd) have been synthesized. In these complexes the metal atom is located at an 
inversion center and six-coordinated by two trans aqua ligands and two pairs of 
unidentate Ph3P^(CH2)2CO2' ligands in a nearly perfect octahedral environment. The 
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four carboxylate groups are arranged in such a way that each aqua ligand forms strong 
intramolecular hydrogen bonds with the pendant oxygen atoms of two adjacent betaine 
ligands. 
It is worthy of note that (i) reaction ofPli3P+(CH2)2C02- with Co(C104)2.6H20 and 
Cd(C104)2.xH20 at a ratio of 2 : 1 : 1 led to the formation of the complex 
[Cd{Ph3P(CH2)2CCbWH2O)2](ClO4)2.2H2O, and (ii) addition o fan equimolar quantity 
ofCd(ClO4)2.xH2O ( 1 : 1 ) in a dmf of 1 also yield crystals of the same cadmium(II) 
complex. 
The reactions ofPh3P+(CH2)2CO2- with Co(ClO4)2.6H2O and Cd(ClO02.xH2O, and 
[Co{Ph3P(CH2;hCO2WH2O)2](ClO4)2.2H2O with Cd(C104)2.^20 have been carried 
out. Both reactions yielded the same complex [Cd{PIi3P(CH2hC02)4(H20)2] 
(ClO4)2.2H2O. These results indicate that (i) the intramolecular hydrogen bonding in 
these complexes plays a dominant role in stabilizing the octahedral coordination 
\ geometry involving both the aqua and unidentate carboxylato ligands and inhibits the 
； coordination o f the carboxylato groups to other metal atoms to form polynuclear 
complexes, and (ii) the betaine ligand Ph3P^(CH2)2CO2" coordinates to Cd(II) atom in 
preference to Co(II) and complete substitution of Co(II) by Cd(II) can be effected 




Chapter 6. Experimental 
6.1. Preparat ion 
/. Synthesis of The Complexes in Part I 
All reactions were performed under a nitrogen atmosphere with the use of standard 
Schlenk techniques. The solvent tetrahydrofuran (thf) was dried over sodium 
benzophenone ketyl and distilled before use. Ph2PH (2.1.1) was prepared from the 
reaction of Ph3P and lithium chips followed by hydrolysis. Other solvents and 
chemicals were used as purchased without further purification. Infrared spectra were 
recorded from KBr pellets in the range 4000-400 cm'^ on a Nicolet 205 FT-JK 
spectrometer. The solid ^'P NMR spectra were measured on a Bruker ASX-300 solid-
state FT-NMR spectrometer using 85% H3PO4 as the reference standard. 
Caution: Metal perchlorates are potentially explosive in reactions with organic 
ligands. Only small amounts should be prepared and handled with great care. 
trans-(CO)sFe(Ph2PH)2 (2.1,2) 
Sodium hydroxide (1.5 g, 37.5 mmol) was grounded and dissolved in w-butanol 
(80 cm])，to which Fe(CO)5 (2.1 cm'\ 16 mmol) was added. After the mixture was 
stirred for 1/2 h at ambient temperature, Ph2PH (5.3g, 28 mmol) in w-butanol (10 cm'^) 
was added. The mixture was refluxed for 4 h, then cooled to room temperature and 
filtered. The product obtained was dissolved in CH2Cl2 and filtered to remove the 
insoluble solid. Methanol was added to the filtrate and the solvent was removed under 
reduced pressure to give a yellow crystalline solid. Recrystallization from 
CH2Cl2MeOH afforded the orange complex 2.1.2 (5.3 g，74%). IR. v(CO): 1878 
cm\ Solid 3ip NMR exhibits two peaks: 5u = -85, 622 = 17, 633 = 243 ppm; 5n = -56, 
622 = 78, 533 = 148 ppm. 
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(CO)3Fe(ju-PPh2)2Mo(CO)4 (2,U) 
rmw5-(CO)3Fe(Ph2PH)2 (0.52 g, 1.0 mmol) and Mo(CO)6 (0.26 g, 1.0 mmol) was 
dissolved in benzene (25 cm"^). After the mixture was refluxed for three days, the 
solvent was removed under reduced pressure. The residue was dissolved in a 
minimum amount of benzene. After standing for one day at -15 °C, air-stable 
purple-red plate-like crystals of 2.1.3 were formed, collected and dried in air (0.43g, 
60%). Anal. Calc. for C31H20FeMoP2 (M^ = 718.2): C, 51.81; H, 2.79; P, 8.64. 
Found: C, 51.70; H, 2.87; P, 8.33. IR (v(CO)); 2028s, 1970s, 1930s, 1879s cm\ 
Solid 3ip NMR 611 = 5, 822 = 122, 833 = 499 ppm. 
f(CO)3Fe{ju-Ph2Ppy)2CuO^e2CO)]ClO4' L 75Me2CO (2.2,3) 
/ra^5-(CO)3Fe(Ph2Ppy)2 (0.33 g，0.5 mmol) and Cu(MeCN)4ClO4 (0.16 g, 0.5 mmol) 
were dissolved in CH2Cl2Me2CO {ca. 5/5 c m ) and stirred for 1 h at ambient 
temperature. Golden-yellow prismatic crystals of complex 2.2.3 was obtained after the 
reaction mixture was allowed to stand at -30 °C for 1 d (0.30 g, 62 %). 
[(CO)3Fe(ju-Ph2Ppy)2Cu(H2O)]aO4, CH2Cl2 (2.2.4) 
To a mixture of"w7s-(CO)3Fe(Ph2Ppy)2 (0.33 g, 0.5 mmol) and Cu(C104)2.H20 
(0.19 g, 0.5 mmol), MeOH (ca. 3 c m ) was added with stirring until the 
Cu(ClO4)2.H2O was completely dissolved, and then CH2Cl2 (ca. 10 cm^) was added 
and stirred for 1 h at room temperature. Storing the solution at -15 °C in a refrigerator 
for 1 d afforded orange prismatic crystals of2.2.4 (0.18 g, 40%). 
[(CO)3Fe(ju-Ph2Ppy)2Ag(Ph2Ppy)]ClO4O.5CH3OH(2.2,5) 
^ra^75-(CO)3Fe(Ph2Ppy)2 (0.33 g 0.5 mmol) and AgClO4 (0.11 g, 0.5 mmol) were 
dissolved in CH2Cl2MeOH (10 cm^ v/v = 1:1) and stirred for 1 h in the dark at room 
temperature. Then the mixture was filtered to remove the silver precipitate formed. 




/rawMCO)3Fe(Ph2Ppy)2 (0.33 g, 0.5 mmol) and Hg2(C104)2.xH20 (0.33 g, 0.5 
mmol) were dissolved in CH2Cl2/thf (tetrahydroairan) (ca. 10 cm〗，v/v = 1:1). The 
mixture was stirred for 2 h in the dark at ambient temperature. The greenish-yellow 
precipitate produced was washed with CH2Cl2, dried in air and collected (0.53 g). The 
LR^  spectra of this product exhibits three intense carbonyl stretching frequencies at 
1889，1989 and 2057 cm'\ This product was dissolved in A^,A^-dimethylformamide 
(dmf) (ca. 5 cm^) and filtered to remove the dark solid formed, and then MeOH (ca. 5 
cm^) was added. Yellow block-like crystals of 2.2.7 was obtained after the solution 
was kept at 15 °C for 1 d (0.21 g , 38%). 
[(CO)2Fe(Ph2Ppym-P,N)2]- 2ClO4. CH2Cl2 (2,2,8) 
&a">(CO)3Fe(Ph2Ppy)2 (0.33 g，0.5 mmol) was dissolved in CH2Cl2 {ca. 10 cm^). 
To this solution Fe(C104)3.^20 (0.23g, ca. 0.5 mmol) in acetone {ca. 3 cm” was 
added and stirred for 1 h. Pale yellow crystals of 2.2.8 were deposited from the 
resulting solution upon cooling at -15° C (0.25 g，54%). 
2-(diphenylphosphwo)pyrimidim (Ph2Ppym) (2,3.1) 
Triphenylphosphine (26.3 g, 0.10 mol) was dissolved in 80 cm^ of anhydrous thf, 
to which Li (1.8 g, 0.26 mol) was added. After stirring overnight, the unreacted Li 
was filtered off，and 9 cm^ of 2,2-dimethylchloroethane was added to decompose the 
phenyllithium formed. A solution of 2-chloropyrimidine (11.5 g, 0.10 mol) in 50 cm^ 
thf was added dropwisely to the mixture at -5 °C with stirring. After the mixture was 
stirred continuously at 45 °C for 4 h, the solvent was removed under reduced 
pressure, and the residue was poured into distilled water. The solid product was 
recrystallized from CH2Cl2MeOH twice. The colourless crystalline solid formed was 
collected and dried in air (18.5 g, 70%). m.p. 121-123�C. ^H NMR (CDCl3, TMS) 5 
8.69(2H, d，J 二 4.7), 7.55-7.34 (lOH, m), 7.12 (lH, dt, J = 4.7，1.1). 
trans-(CO)3Fe(Ph2Ppym)2 (2.3.2) 
Sodium hydroxide (1.5 g, 37.5 mmol) was ground and dissolved in w-butanol (80 






for 1/2 h at ambient temperature, Ph2Ppym (7.5g, 28.3 mmol) was added. The 
mixture was refluxed for 4 h, then cooled to room temperature and filtered. The 
product obtained was dissolved in CH2Cl2 and filtered to remove the insoluble solid. 
Methanol was added to the filtrate and the solvent was removed under reduced 
pressure to give an orange crystalline solid which was collected. Recrystallization 
from CH2Cl2MeOH afforded the orange complex 2.3.2 (8.2g, 86 %). 
[(CO)3Fe(Ph2Ppym-N,N%Hga2][(CO)sFe(Ph2Ppym-N)2HgCh].2CH2a20.5MeOH 
(233) 
/raw^-(CO)3Fe(Ph2Ppym)2 (0.334 g, 0.5 mmol) and HgCl2 (0.14 g, 0.5 mmol) were 
dissolved in 10 cm^ CH2Cl2. After stirring for 2 h at ambient temperature, the solvent 
was removed under reduced pressure. The solid obtained was dissolved in CH2Cl2 {ca. 
5 cm^) and filtered. MeOH was allowed to diffuse into the filtrate, and pale yellow 
block-like crystals of complex 2.3.3 were formed after one day at ambient temperature 
( 0 . 2 0 g，42 % ) . 
[(CO)sFe(Ph2Ppym)2HgBr2] (2,3.4) 
/nms-(CO)3Fe(Ph2Ppym)2 (0.334 g, 0.5 mmol) and HgBr2 (0.18 g，0.5 mmol) were 
dissolved in CH2Cl2 (15 cm^) and stirred for 2 h at ambient temperature. Diffusion of 
MeOH into the mixture yielded pale yellow prismatic crystals of2.3.4 (27 g, 53%). 
[(CO)sFe(Ph2Ppym)2HgI2] (2,3,5) 
/raw^-(CO)3Fe(Ph2Ppym)2 (0.334 g, 0.5 mmol) and HgI2 (0.23 g, 0.5 mmol) were 
dissolved in CH2Cl2(25 cm^) and stirred for 2 h at ambient temperature. Diffusion of 
MeOH into the mixture gave yellow prismatic crystals of2.3.5 ( 0.31 g, 55%). 
[(CO)sFe(Ph2Ppym-N)2Hg(SCN)2] (2.3.6) 
/raw5-(CO)3Fe(Ph2Ppym)2 (0.334 g，0.5 mmol) and Hg(SCN)2 (0.16 g, 0.5 mmol) 
were dissolved in CH2Cl2 (10 cm^). After stirring for 2 h at ambient temperature, the 
solvent was removed under reduced pressure. The solid obtained was dissolved in 
CH2Cl2 {ca. 5 cm^) and filtered. Diffijsion of MeOH into the filtrate yielded pale 
yellow block-like crystals of complex 2.3.6 (0.29 g，60%). 
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[(CO)sFe(ju-Ph2Ppym)2CdCl2h 0.5CHCh' 3thf (2,3.7) 
rm^5:-(CO)3Fe(Ph2Ppym)2 (0.334 g，0.5 mmol) and CdCb.I^O (0.11 g, 0.5 mmol) 
were dissolved in CHCl3 (15 cm^). After stirring for 1 h at ambient temperature, the 
reaction mixture was filtered under N2 atmosphere. Tetrahydrofuran (thf) was allowed 
to diffuse into the filtrate, and yellow block-like crystals of complex 2.3.7 were formed 
after three days at room temperature (0.24 g, 48 %). 
[(CO)3Fe(ju-Ph2Ppym)2CdBr2].2CH2Cl2 (2J.8) 
/ra^w-(CO)3Fe(Ph2Ppym)2 (0.334 g, 0.5 mmol) and CdBr2(O.l8 g，0.5 mmol) were 
dissolved in CH2Cl2 (15 cm^). After stirring for 1 h, the solvent was removed under 
reduced pressure. The pale yellow solid obtained was dissolved in minimum amount of 
CH2Cl2. Diffiision of CH3OH into the solution yielded yellow prismatic crystals of 
2.3.8 (0.34g, 61%). 
[(CO)3Fe(|u-Ph2Ppym)2CdI2] (2.3.9) 
/m^^-(CO)3Fe(Ph2Ppym)2 (0.334 g 0.5 mmol) and CdI2 (0.19 g, 0.5 mmol) were 
dissolved in CH2Cl2 (15 cm^) and stirred for 1 h at ambient temperature. Diffusion of 
CH3OH into the solution afforded yellow prismatic crystals of 2.3.9 ( 0.28 g, 54%). 
f(CO)3Fe(jU'Ph2Ppym)2CdOSfCS)2J' 2CH2Cl2 (2,3.10) 
To a mixture of /ram-(CO)3Fe(Ph2Ppym)2 (0.334 g, 0.5 mmol) and Cd(SCN)2 
(0.11 g, 0.5 mmol), CH3OH was added (ca. 2 cm^) and stirred for about 5 min., and 
then CH2Cl2 was added until all starting materials completely dissolved (ca. 10 cm^). 
Stirring of the solution was continued for 1 h. Yellow prismatic crystals of 2.3.9 were 
formed after 2 days at -30 °C. (0.25 g，48%). 
[(CO)sFe(|u-Ph2Ppym)2Cd(CHsCN)(H2O)](ClO4)2L5CHCl3(2j,ll) 
To a mixture of /ra^^-Fe(CO)3(Ph2Ppym)2 (0.334 g, 0.5 mmol) and cadmium(II) 
perchlorate (0.20 g, ca. 0.5 mmol), CH3CN (ca. 1 cm^) was added and stirred for 
about 5 min., and then CH2Cl2 was added until all starting materials completely 
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dissolved {ca. 15 cm^). After stirring for 1 h, the solution was filtered under N2 
atmosphere. Pale yellow prismatic crystals of 2.3.11 deposited after one day at 
ambient temperature (0.20 g，34%). 
[HgCl(Ph2Ppym)(ju-Cl)]2 (2.3.14) 
To a mixture of /raw^-(CO)3Fe(Ph2Ppym)2 (0.34 g, 0.5 mmol) and 
Hg2(ClO4)2.xH2O (0.33 g, ca. 0.5 mmol) was added CH2Cl2/thf (ca. 10 cm^，v/v = 
1:1)，and the solution was stirred for 2 h in the dark at ambient temperature. The 
greenish yellow precipitate 2.3.12 produced was filtered and washed with CH2Cl2, 
dried in the air and collected (0.48 g). The IR spectrum of 2.3.12 exhibits three 
intense carbonyl stretching frequencies at 2055, 1985 and 1890 cm\ This product 
was dissolved in dmf (ca. 5 cm^) and filtered to remove the black precipitate formed, 
and then MeOH (ca. 5 cm^) was added. Yellow block-like crystals 2.3.13 was 
obtained after keeping the solution at 15 °C for one day. The IR spectrum of this 
compound is similar to that of the complex [(CO)3Fe(^i-
Ph2Ppy)2Hg(H2O)(OClO3)]ClO4.2.5H2O.O.5MeOH (2.2.7). X-ray diffraction data of 
2.3.13 were collected, but solution of the crystal structure was unsuccessful due to the 
poor quality of the intensity data. Pale-yellow crystals of 2.3.14 were deposited after 
the solution containing 2.3.13 was kept for one week at 15 °C (0.18 g). 
trans-[(Ph2Ppyni)2Rh(CO)Cl]-O.5CH2Ch (2.3,15) 
&am'-Fe(CO)3(Ph2Ppym)2 (0.34 g，0.5 mmol) and [(c0d)RhCl]2 (cod = cycloocta-
1,5-diene) (0.25 g, 0.25 mmol) were dissolved in CH2Cl2 {ca. 10 cm^) and the solution 
stirred for 1 h at ambient temperature. Diffusion of hexane into the solution afForded 
orange crystals of2.3.15 (0.15 g, 40%). 
fPdCl(ju-Ph2Ppym)]2-CH2Cl2 (2.3.16) 
/nms-Fe(CO)3(Ph2Ppym)2 (0.34 g 0.5 mmoI) and (c0d)PdCl2 (0.29 g，0.5 mmol) 
were dissolved in CH2Cl2 {ca. 10 cm^) and the solution stirred for 1 h at room 




/raA75-Fe(CO)3(Ph2Ppym)2 (0.34 g 0.5 mmol) and PdCl2 (0.09 g, 0.5 mmol) were 
dissolved in CH2Cl2 {ca. 10 cm^) and the solution stirred for 1 h at room temperature. 
The red precipitate 2.3.17a formed was filtered under a nitrogen atmosphere and its IR 
spectrum exhibits three carbonyl stretching frequencies at 2043，1973 and 1891 cm' \ 
This product was dissolved in dmf/CH2Cl2, and orange crystals of 2.3.17 deposited 
after two days at -30 °C (0.12 g, 32%). 
cis-[FeCPh2P(O)pym)2fl^CS)2](ClO4)2 (2.3.18) 
,mm^Fe(CO)3(Ph2Ppym)2 (0.34 g 0.5 mmol) and Nd(SCN)3.xH2O (0.20 g) were 
dissolved in CH2Cl2Me2CO (ca. 10 cm^ v/v = 1:1) and the solution stirred for 1 h at 
ambient temperature. Pale yellow prismatic crystals of 2.3.18 were afforded after the 
solution had been kept at -30 °C for two days (0.07 g, 11%). 
II. Synthesis of The Compounds in Part II 
[PhsP(CH2)2CO2] 2H2O (4,1.1) 
Ph3P (26.2 g, 100 mmol) was dissolved in AcOEt/acetone (100 cm^ v/v = 4:1)， 
and then acrylic acid (7.0 cm^, 100 mmol) was added with stirring at room 
temperature. A white crystalline precipitate began to form after 0.5 h. The slurry was 
stirred for 24 h at ambient temperature. The precipitate obtained was washed with 
ether and recrystallized in ethanol to yield Ph3P"(CH2)2CO2' (22g, 66%), solid ^^P 
NMR 5ii = 14.86, 822 = 22.84 and 633 = 26.71 ppm. Colorless prismatic crystals of 
4.1.1 suitable for X-ray work were crystallized from EtOHyTI2O. 
i 
[PksP+(CH2)2CO2H]2(O2CCHCHCO2) ,HO2CCHCHCO2H. 2H2O (4.1.2) 
Ph3P (5.3 g，20 mmol) was dissolved in AcOEt/acetone (20 cm^, v/v = 4:1), and 
then fumaric acid (2.3g, 20 mmol) was added. The resulting solution was stirred at 
room temperature for 24 h. The precipitate obtained was washed with ether, then 
recrystallized in EtOHy^2O to afford colorless prismatic crystals of 4.1.2 (2.2g, 47%). 
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[(CH2)PPh2(CH2)2CO2]2'5H2O (CHs)2CO (4,L3) 
Ph2P(CH2)2PPh2 (8.0 g, 20 mmol) was dissolved in AcOEt/acetone (40 cm^ v/v = 
4:1)，and then acrylic acid (2.8 cm^ 40 mmol) was added. The resulting solution was 
stirred at room temperature for 24 h. The precipitate obtained was washed using ether 
and recrystallized in ethanol to give r02C(CH2)2Phi2P+(CH2)2Phi2P+(CH2)2C02-] (3.5g, 
32%). Colorless prismatic crystals of 4.1.3 were crystallized from H2O/acetone. 
[{Ph3P+(CH2)3CO2Hh'NO3](NO3) (4,1,4) 
This compound was obtained from the reaction of [Ph3P^(CH2)3CO2H]Cl with 
AgNO3 in an aqueous medium. The white precipitate (AgCl) formed was filtered out 
and colorless prismatic crystals of 4.1.4 suitable for X-ray analysis was deposited from 
evaporation of the filtrate. 
[Cd(Ph3P(CH2)2CO2)2_3)]2(NO3)2 (4.2.1) 
To cadmium(II) nitrate tetrahydrate (308mg, 1.0 mmol) dissolved in distilled water 
(5 cm^) was added Ph3P+(CH2;bCO2- (324 mg, 1.0 mmol), and the clear solution 
obtained was heated at ca. 60° C and evaporated until the volume was reduced to 
about 3 ml. After the resulting solution was allowed to stand for one day, colorless 
plate-like crystals of 4.2.1 were obtained. IR 1645 cm'^  (s, carboxylate Uasym), 1396 
cm'i (s, carboxylate Usym), 1588 cm“ (m, phenyl u(C-C)), 1484 cm'^(m, phenyl u(C-
C)), 1441 cm]( s, phenyl u(C-C)), 1281-1357 cm] (s-multiplet, overlap ofphenyl C-H 
in-plane bending and nitrato u(N-0)), 1112 cm'^(s, phenyl C-H in-plane bending )，831 
cm-i(m, uO^-0)). 
[Cd(Ph^(CH2)2CO2)2m3)]2(ClO4)2 (4,2,2) 
When cadmium(II) perchlorate (320 mg, 1.0 mmol) and Ph3PXCH2)2CO2"(336 mg, 
1.0 mmol) were each dissolved in distilled water and mixed, a white precipitate formed 
immediately. The precipitate was then filtered, washed with water and dissolved in 
DMF. To this solution calcium(II) nitrate tetrahydrate (308 mg, 1.0 mmol) was added 
and stirred for about 10 minutes at ca 50 °C. After the clear solution was allowed to 
stand for two weeks, colorless prismatic crystals of 4.2.2 were obtained. IK 1643 cm"^  
(s, carboxylate Uasym), 1393 cm] (s，carboxylate Usym), 1587 cm] (m, phenyl u(C-C)), 
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1486 cm-i(m, phenyl u(C-C)), 1439 cm-'( s，phenyl u(C-C)), 1112 cm"^(s, phenyl C-H 
in-plane bending )，1087 cm'^ (s, perchlorate u(Cl-0)), 624 cm"^  (m, perchlorate u(Cl-
0 ) ) . 
[Cd(PhsP(CH2)2CO2)2Cl]2(ClO4)2 (4.13) 
To a mixture of cadmium(II) perchlorate (160mg, 0.5 mmol), cobalt(II) chloride 
hexhydrate(180mg, 0.5 mmol) and compound Ph3PXCH2)2CO2" (668mg, 2.0 mmol), 3 
ml of distilled water was added with stirring. A white precipitate formed immediately, 
and then DMF(about 2 ml) was added and stirred at ca. 50°C until the precipitate 
dissolved completely. After the clear solution obtained was allowed to stand for 
several days, colorless prismatic crystals of compound 4.2.3 were obtained. IR 1648 
cm'i(s, carboxylate 〜口】)，1587 cm'^(m, phenyl C-H in-plane bending ), 1440 cm'^(s, 
phenyl C-H in-plane bending), 1395 cm'^(s, carboxylate Usym), 1112 cm"^(s, phenyl C-
H in-plane bending), 1087 cm"^  (s, perchlorate u(Cl-0)), 623 cm'^ (m, perchlorate u 
(Cl-0)). 
[Cd{Ph3P(CH2)2CO2MH2O)2](C!O4)2.2H2O (4,2.4) 
To a mixture ofPh3PXCH2)2CO2' (336 mg, 1.0 mmol) and Cd(ClO02.xH2O (203 
mg, O.5mmol) was added distilled water (ca. 5 cm^), and a white precipitate was 
formed immediately. After the slurry was stirred for about 5 min at ca. 60 °C, CH3CN 
was added until the precipitate dissolved completely. A colorless crystalline solid was 
obtained after the solution was allowed to stand for two days. Recrystallization of this 
product in dmf/H2O yielded 4.2.4 (280 mg, 66%). 
[CdCl2{Ph3P(CH2)2CO2h].7H2O (4,2.5) 
To a mixture ofPh3P+(CH2)2CO2- (336 mg, 1.0 mmol) and CdCb.SHsO (110 mg, 
0.5 mmol) was added distilled water {ca. 5 cm^), and a white precipitate formed 
immediately. Then dmf was added until the precipitate dissolved completely, and the 
resulting solution was stirred for about 5 min. at ca. 60 °C. After the solution was 
allowed to stand for three days at ambient temperature, colorless prismatic crystals of 
complex 4.2.5 were obtained (370 mg, 78%). 
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[CdI2{PhsP(CH2)2CO2n2 (4,2.6) 
Following the procedure for the preparation of 4.2.5, the use of Ph3PXCH2)2CO2' 
(336 mg, 1.0 mmol) and CdI2 (180 mg, 0.5 mmol) yielded colorless prismatic crystals 
ofcomplex 4.2.6 (190 mg, 54%). 
trans-Cd(H2O)4[Cl2Cd(/u-Cl){Ph3P(CH2)2CO2}]2-4H2O (4,2.1) 
Ph3PXCH2)2CO2' (335 mg, 1.0 mmol) and CdCl2.2H2O (445 mg, 2.0 mmol) was 
dissolved in CH3CN (ca. 10 cm^), and the solution was stirred for about 5 min at ca. 
60 °C. After the solution was allowed to stand for two days at ambient temperature, 
colorless prismatic crystals of complex 4.2.7 were obtained (230 mg, 34%). 
[Cd2Br4PhsP(CH2)2CO2hh dmf (4,2.8) • 
Following the procedure for the preparation of 4.2.5, the use of Ph3PXCH2)2CO2 
(340 mg, 1.0 mmol) and CdBr2 (540 mg, 2.0 mmol) yielded colorless prismatic crystals 
ofcomplex 5 (240 mg, 38%). 
{[Cd(PhsP(CH2)2CO2)(H2O)(M-Cl)2Cda(PhsP(CH2)2CCh)(H2O)2]ClO4jn0U.9) 
MgCl2-6H20 (202 mg, 1.0 mmol) and Ph3P"(CH2)2CO2" (334 mg, 1.0 mmol) was 
dissolved in distilled water {ca. 2 cm"^), and stirred for about 5 min. at ca. 60 °C. To 
this solution Cd(ClO4)2.6H2O (166 mg, 0.5 mmol) was added, and a white precipitate 
formed immediately. Then N,N-dimethylforiTiamide (dmf) was added until the 
precipitate was dissolved completely. The resulting solution was stirred for about 10 
min. at ca. 60 °C and then filtered. After the filtrate was allowed to stand for two 
weeks at ambient temperature, colorless prismatic crystals of complex 4.2.9 were 
obtained (470 mg, 82%). IR: 1615m[carboxylate Uasym], 1574s [phenyl o(C-C)], 
1564s [carboxylate Uasym], 1481m [phenyl u(C-C)], 1435s [phenyl u(C-C)], 1405s 
[carboxylate Usym], 1110s [phenyl in-plane bending], 1087s [perchlorate u(Cl-0)], and 






[CdCl2fl'h3P(CH2)3C02)2j H20 (4.2.10)�[CdBr2{Ph3P(CH2)3CO2h] (4.111) and 
[Cdl2{PhsP(CH2)3C02j2j (4,2.12) 
All three complexes were prepared by the same procedure. To a mixture of 
Ph3PXCH2)3CO2' (340 mg, 1.0 mmol) and cadmium(II) halide [CdCl2'2H20 (115 mg, 
0.5 mmol), CdBr2 (130 mg, 0.5 mmol), or CdI2 (175 mg, 0.5 mmol)] was added 
distilled water {ca. 5 cm^), and a white precipitate formed immediately. After the 
slurry was stirred for about 5 min at ca. 60 °C, dimethylformamide (dmf) was added 
until the precipitate dissolved completely. Colorless prismatic crystals of 4.2.10-4.2.12 
were obtained after the solutions were allowed to stand for two days at ambient 
temperature (yield: 280 mg, 62% for 4.2.10; 250 mg, 52% for 4.2.11; 310 mg, 58% 
for 4.2.12). 
[Cd{PhsP(CH2)2C02j2ftmen)(H2O)](ClO4)2.2H2O (4.2.13) 
Solutions of Ph3P+(CH2)2CO2- (330 mg, 1.0 mmol) and Cd(C104)2.xH20 (420 mg, 
ca. 1.0 mmol) in water were mixed, and a white precipitate formed immediately. After 
the slurry was stirred at ca. 60 °C for about 5 min., dimethylformamide (dmf) was 
added until the precipitate dissolved completely. Then to this solution 
Me2N(CH2)NMe2 {d =0.11 g/cm^ , 0.15 cm3，j Q mmol) was then added and the 
resulting solution stirred at ca, 60 °C for about 5 min.. Colorless block-like crystals of 
4.2.13 (520 mg, 90%) were obtained after the solution was allowed to stand for three 
days at ambient temperature. 
[CdI2{Ph3P(CH2)2CO2Ktmen)J (4.2J4) 
Following the above procedure, the use of Ph3P^(CH2)2C02* (333 mg, 1.0 mmol) 
and CdI2 (180 mg, 0.5 mmol) yielded colorless prismatic crystals of 4.2.14 (300 mg, 
730/0). 
[Zn(PhsP(CH2)2CO2)4fli2O)2](ClO4)2 2H2O (4,3,1) 
This compound was obtained in an unsuccessful attempt to synthesize mixed-metal 
Zn/Ni betaine complexes. To a mixture of Ph3PXCH2)2CO2' (336 mg, 1.0 mmoI) and 
Zn(C104)2.xH20 (138 mg, ca. 0.5 mmol) was added distilled water {ca. 5 cm^), and a 
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white precipitate formed immediately. After the slurry was stirred for about 5 min at 
ca. 60 °C, CH3CN was added until the precipitate dissolved completely. Then 
Ni(ClO4)2.6H2O (180 mg, 0.5 mmol) was added, and the resulting solution was stirred 
for about 5 min. at ca. 60 °C. After the solution was allowed to stand for three days at 
ambient temperature, colorless prismatic crystals of complex 4.3.1 were obtained (210 
mg, 50%). 
[Zn2Cl4{^-PhsP(CH2)2CO2-0,0 J2] (4.3.2) 
To a mixture ofPli3P+(CH2)2C02- (336 mg，1.0 mmol) and ZnCl2.2H2O (86 mg, 
0.5 mmol) was added distilled water {ca. 5 cm^), and a white precipitate formed 
immediately. Then CH3CN was added until the precipitate dissolved completely, and 
the resulting solution was stirred for about 5 min. at ca, 60 °C. After the solution was 
allowed to stand for one week at ambient temperature, colorless prismatic crystals of 
complex 4.3.2 were obtained (185 mg, 74%). 
[Zn2Br4{jLi- Ph3P(CH2)2CO2-O,OJ2] (4.3.3) 
Following the above procedure, the reaction of Ph3PXCH2)2CO2" (336 mg) and 
ZnBr2 ( 1 10 mg, 0.5 mmol) yielded colorless prismatic crystals of complex 4.3.3 (230 
mg, 82%). 
[HgCl2{PhsP(CH2)2CO2}] (4,3.4) 
HgCl2 (137 mg, 0.5 mmol) and PfeP+(CH2)2C02- (334 mg, 1.0 mmol) was 
dissolved in CH3CN {ca. 10 cm'). Colorless prismatic crystals of4.3.4 (280 mg, 92%) 
were obtained after the solution was allowed to stand for one day. 
[Hgh{Ph3P(CH2)2CO2}] (4J,5) and [HgCl(M-Cl){Ph3P(CH2)3CCh}]2 (4.3.6) 
Complexes 4.3.5 and 4.3.6 were synthesized by the same procedure as 4.3.4. The 
use of HgI2 (220 mg, 0.5 mmol) yielded 4.3.5 as colorless prisms (330 mg, 84%); the 
use 0fHgCl2 (130 mg, 0.5 mmol) and PWP+(CH2)3CO2-afforded 4.3.6 as colorless 
prisms (250 mg, 81%). 
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[Cofl"h3P(CH2hCO2hOhO)2].m2O (4.4.1) 
To a mixture ofCo(ClO4)2.6H2O (180 mg, 0.5 mmol) and Plv^PXCf^sCCV (335 
mg, 1 0 mmol) was added distilled water {ca. 5 cm^), and a purple precipitate formed 
immediately. The slurry was stirred at ca. 60 °C for about 10 min., then 
dimethylformamide (dmf) was added until the precipitate dissolved completely. 
Purple-red prismatic crystals of 4.4.1 were obtained after the resulting solution was 
allowed to stand at ambient temperature for 1 week (354 mg, 85% yield). 
[Cu{Ph3P(CH2)2C02h][CV2{jU-PhsP(CH2)2C02-0,0)4(H20)2](a04)6.4H20(4.4.2) 
To a mixture of Cu(ClO4)2.6H2O (370 mg, 1 mmol) and PhP+CO^hCOf (670 
mg, 2.0 mmol) was added distilled water {ca. 5 cm^), and a pale blue precipitate 
formed immediately. The slurry was stirred at ca. 60 °C for about 5 min., then 
acetonitrile was added until the precipitate dissolved completely. Dark blue prismatic 
crystals of 4.4.2 were obtained after slow evaporation for three days (650 mg, 73%). 
Reaction of Cu(ClO4)2.6H2O with PJi3P+(CH2)2C02- at a molar ratio of 1:2 in dmf/HzO 
also yield 4.4.2. 
i i 
i [Cu{PhsP(CH2)2C02}fl^e2N(CH2)2NMe2}(H20)2] (4.4,3) 
j 
To a mixture of Cu(BF4)2.xH2O (Cu% = 18.2, 350 mg, 1.0 mmol) and 
Ph3P+(CH2)2CO2- (340 mg, 1.0 mmol) was added distilled water (ca. 5 cm^), and a blue 
precipitate formed immediately. The slurry was stirred at ca. 60 °C for about 5 min., 
then dmf was added until the precipitate dissolved completely. To the resulting 
solution tmen (0.15 ml, 1.0 mmol) was added, and stirring was continued at ca. 60 °C 
for about 5 min. Bright blue block-like crystals of 4.4.3 were deposited after the 
solution was allowed to stand for one week (380 mg, 54%). 
[Ag2{Ph3P(CH2)2CO2h(ClO4)]2(ClO4)4 (4.4.4) 
To a mixture of AgClO4 (410 mg, 2.0 mmol) and Pl^F(CH2)2C02- (340 mg, 1.0 
mmol) was added distilled water, and a white precipitate formed immediately, 
j Acetonitrile was then added until the precipitate dissolved completely. Colorless 
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prismatic crystals of 4.4.4 were obtained after the solution was allowed to stand in the 
dark for two days (470 mg, 87%). 
6.2. Crystallography 
For several complexes in part I and most of the complexes in part II，the intensities 
were collected at 290 °K in the co-scan mode^ on a Nicolet R3m/V, a Siemens P4/PC 
or a Rigaku AFC7R difFractometer using Mo-Ka radiation (X = 0.71073 A). Unit-cell 
parameters were calculated from least-squares fitting of the 20 angles for 20-25 
selected strong reflections. Crystal stability was monitored by recording two or three 
check reflections at intervals of 120 data measurements, Absorption corrections were 
applied by fitting a pseudoellipsoid to the v^ -^scan data of selected strong reflections 
over a range o f 2 0 angles? 
For most complexes in part I and compound 4.1.4, the intensity data were collected 
at 290 °K on a Rigaku RAXIS IIC imaging-plate difFractometer using Mo-ATa radiation 
(X = 0.71073 A, 50 kV and 90mA; 29匪=55°, oscillation ranges from 0 to lSO� )? A 
self-consistent semi-empirical absorption correction based on symmetry-equivalent 
reflections was applied using the REQAB program.^ 
Most of the crystal structures were solved by the direct method. The remaining 
crystal structures were determined with the Patterson superposition method. 
Subsequent difference Fourier synthesis were employed to locate the remaining non-
hydrogen atoms which did not show up in the initial structure. Ail non-hydrogen 
atoms were refined anisotropically except the disordered atoms, which were subjected 
to geometric constraints and refined isotropically. Hydrogen atoms of organic ligands 
were placed in their calculated positions with C-H = 0.96 A, assigned appropriate 
isotropic thermal parameters, and allowed to ride on their respective parent carbon 
atoms. These hydrogen atoms were included in the structure factor calculations, but 
their positions were not varied. 
All calculations were carried out on a PC 486 using the SHELXTL-PLUS program 
package^ or SHELXL-93 refinement program.^ Analytical expressions of neutral-atom 
scattering factors were employed, and anomalous dispersion corrections were 
incorporated.^ 
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Details about X-ray data collection and structure refinement for each complexes 
are listed in Table 6.1-6.10. Atomic coordinates and thermal parameters for all 
complexes are given in Appendix A. 
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Appendix A: Tables of Atomic Coordinates and Thermal parameters 
Atomic Coordinates (x 1 0 , and equivalent isotropic thermal parameters 
Ueq (A: X 10 ” 
X y z Ueq X y z Ueq 
Complex 2.1.3 
Mo(l) 4136(1) 5000 3245(1) 40(1) C(2) 3998(3) 5247(9) 4368(4) 55(2) 
0(2) 3934(3) 5341(8) 5016(3) 81(2) C(3) 4873(4) 3483(9) 3690(4) 54(2) 
0(3) 5300(3) 2704(8) 3952(4) 79(2) C(4) 4813(4) 6690(10) 3508(5) 59(3) 
0(4) 5183(3) 7633(9) 3676(4) 95(3) Fe(l) 3549(1) 3007(1) 1970(1) 43(1) 
C(5) 4098(3) 1464(8) 2332(4) 48(2) 0(5) 4426(3) 434(6) 2532(3) 74(2) 
C(6) 3081(6) 1626(14) 1382(8) 48(3) 0(6) 2753(6) 687(15) 989(8) 90(4) 
C(6') 3239(8) 1961(19) 1119(8) 65(4) 0(6') 2985(8) 1143(19) 596(9) 121(5) 
C(7) 2979(3) 4432(9) 1463(4) 53(2) 0(7) 2611(3) 5242(9) 1113(3) 84(2) 
P(1) 3187(1) 3202(2) 3093(1) 43(1) C(8) 2598(4) 921(9) 3868(4) 63(3) 
C(9) 2600(5) -367(10) 4325(5) 79(4) C(10) 3191(5) -1042(10) 4683(5) 83(4) 
C(11) 3760(4) -429(11) 4593(5) 79(4) C(12) 3771(4) 867(11) 4129(5) 71(3) 
C(l3) 3183(3) 1566(8) 3752(3) 49(2) C(14) 1834(3) 3415(10) 2440(4) 64(3) 
C(15) 1195(3) 4008(13) 2408(5) 78(3) C(16) 1101(3) 5135(13) 2924(5) 75(3) 
C(17) 1610(3) 5702(10) 3471(5) 69(3) C(18) 2246(3) 5134(10) 3517(4) 57(2) 
C(19) 2361(3) 3999(8) 3015(3) 45(2) P(2) 4389(1) 4557(2) 1902(1) 43(1) 
C(20) 5778(3) 4390(9) 2257(4) 60(3) C(21) 6393(4) 3914(11) 2116(5) 73(3) 
C(22) 6411(4) 2905(11) 1519(5) 76(3) C(23) 5842(4) 2335(10) 1073(5) 73(3) 
C(24) 5224(3) 2765(8) 1201(4) 55(2) C(25) 5195(3) 3828(8) 1795(4) 46(2) 
C(26) 4054(4) 5604(10) 327(4) 79(3) C(27) 3959(5) 6671(11) -270(5) 91(4) 
C(28) 4042(5) 8169(11) -89(5) 88(4) C(29) 4241(5) 8584(10) 697(6) 95(4) 
C(30) 4342(4) 7530(9) 1294(5) 69(3) C(31) 4250(3) 6017(7) 1121(4) 47(2) 
Atoms C(6), 0(6) and C(6'), 0(6') represent a two-fold distorted carbonyl group and each has a site occupancy 0f'/2. 
Complex 2.2.3 
Cu(l) 3228(1) 7726(l) 2236(1) 74(1) Fe(l) 2714(1) 8309(1) 1317(1) 51(1) 
C(1) 3081(4) 7262(7) 1368(4) 63(4) 0(1) 3286(3) 6594(5) 1310(3) 89(3) 
C(2) 2408(4) 8468(7) 608(4) 63(4) 0(2) 2215(3) 8572(6) 149(3) 99(3) 
C(3) 2577(4) 9174(7) 1727(4) 58(4) 0(3) 2495(3) 9724(5) 2002(3) 87(3) 
P(1) 3452(1) 9068(2) 1405(1) 56(1) N(1) 3734(3) 8800(6) 2484(3) 70(3) 
C(7) 3982(5) 8958(9) 3004(5) 95(5) C(8) 4303(6) 9731(10) 3181(5) 114(5) 
C(9) 4356(5) 10302(9) 2805(6) 114(5) C(10) 4097(5) 10154(8) 2257(5) 93(5) 
C(11) 3791(4) 9406(8) 2119(4) 66(4) C(12) 4451(5) 8267(8) 1583(6) 103(5) 
C(13) 4817(5) 7783(10) 1409(8) 143(6) C(14) 4693(6) 7505(9) 888(8) 126(6) 
C(15) 4208(7) 7698(10) 526(7) 137(6) C(16) 3845(5) 8181(9) 706(5) 106(5) 
C(17) 3962(4) 8479(7) 1224(4) 65(4) C(18) 3822(5) 10483(8) 915(5) 89(5) 
C(19) 3771(5) 11289(9) 633(5) 100(5) C(20) 3287(7) 11719(8) 452(5) 100(5) 
C(21) 2860(5) 11368(8) 551(4) 78(4) C(22) 2911(4) 10564(7) 842(4) 63(4) 
C(23) 3392(4) 10115(6) 1026(4) 59(4) P(2) 2051(1) 7549(2) 1451(1) 54(1) 
N(2) 2602(3) 7474(5) 2519(3) 66(3) C(24) 2678(5) 7412(7) 3044(5) 82(4) 
C(25) 2269(6) 7398(8) 3249(5) 95(5) C(26) 1770(6) 7460(9) 2906(5) 102(5) 
C(27) 1676(4) 7516(8) 2348(4) 85(4) C(28) 2103(4) 7518(6) 2173(4) 56(4) 
C(29) 1285(4) 8826(8) 970(4) 77(4) C(30) 778(5) 9136(9) 721(5) 105(5) 
C(31) 357(5) 8540(11) 604(5) 108(5) C(32) 440(5) 7679(9) 745(5) 98(5) 
C(33) 953(4) 7354(8) 1010(4) 79(4) C(34) 1383(4) 7927(7) 1126(4) 57(4) 
C(35) 1981(4) 6129(7) 756(4) 79(4) C(36) 1952(5) 5241(8) 584(5) 92(5) 
C(37) 1968(5) 4554(8) 961(6) 99(5) C(38) 2010(5) 4778(8) 1484(5) 99(5) 
C(39) 2037(4) 5674(8) 1646(5) 79(4) C(40) 2010(3) 6359(7) 1285(4) 54(4) 
C1(1) 1185(2) 1857(3) 649(2) 116(2) 0(8) 1699(5) 1472(16) 750(9) 226(9) 
0(9) 900(8) 1673(14) 103(4) 176(8) 0(10) 939(8) 1350(14) 971(7) 172(7) 
0(11) 1193(8) 2769(7) 803(8) 170(7) 0(8") 1664(4) 2299(11) 653(6) 97(5) 
0(9') 1063(9) 2117(19) 1121(7) 210(8) 0(10') 774(8) 2117(21) 178(8) 299(10) 
0(11') 1276(13) 913(7) 669(15) 497(1 1) 0(4) 3859(3) 6828(6) 2608(3) 106(4) 
C(4) 3908(6) 6019(10) 2701(5) 96(5) C(5) 3469(7) 5448(10) 2569(7) 167(6) 
C(6) 4427(7) 5662(12) 2967(8) 255(6) 0(5) 958(7) -614(13) 3474(7) 290(7) 
C(41) 1140(7) -408(14) 3944(7) 213(6) C(42) 837(8) 174(13) 4159(8) 295(7) 
C(43) 1672(7) -640(12) 4219(8) 213(6) 0(6) 4(6) 5457(11) 591(7) 131(6) 
C(44) 27(15) 5103(23) 175(9) 189(7) C(45) 532(9) 4766(25) 208(10) 159(7) 
204 
Atomic Coordinates (x 10^) and equivalent isotropic thermal parameters 
Ueq (A^ X 10 3) (continued) 
0 ( 7 ) 0 6921(19) 2500 243(10) C(46) 0 7735(20) 2500 131(7) 
C(47) 154(10) 8144(16) 2113(11) 146(7) 
Atoms 0 ( 7 ) - 0 ( 1 0 ) and 0 ( 7 ' ) - 0 ( 1 0 ' ) belong tot a two-fold disordered perchlorate anion and each has a site occupancy ofV4. 
Atoms 0(6)-C(47) represent a two-fold disordered (CH3)2CO molecule and each has a site occupancy 0fV2. 
Atoms 0(7)-C(47) represent a disordered (CH3)2CO molecule and 0 ( 7 ) and C(46) each has a site occupancy 0f'/4 and C(47) 0f'/2. 
Complex 2.2.4 
Cu(l ) -3299(1) 2896(1) 2474(1) 80(1) Fe(l) -3975(1) 1141(1) 3005(1) 47(1) 
C(1) -3889(4) 2351(4) 3873(4) 69(1) 0 ( 1 ) -3887(4) 3059(4) 4532(4) 109(1) 
C(2) -4482(4) 13(4) 3530(4) 58(1) 0 ( 2 ) -4821(4) -701(4) 3892(4) 86(1) 
C(3) -3702(4) 799(4) 1760(4) 54(1) 0 ( 3 ) -3514(4) 561(4) 979(3) 77(1) 
0 ( 1 W ) -2901(5) 4692(4) 3060(5) 154(1) P(1) -2110(2) 1537(2) 3399(1) 49(1) 
N(1) -1642(4) 3020(4) 2302(3) 60(1) C(4) -980(4) 3665(4) 1762(4) 75(1) 
C(5) 82(4) 3713(5) 1586(4) 87(1) C(6) 547(5) 3066(5) 1932(5) 107(1) 
C(7) -102(4) 2388(4) 2482(4) 81(1) C(8) -1174(4) 2400(4) 2680(4) 56(1) 
C(9) -568(4) 3257(4) 4886(4) 83(1) C(10) -181(5) 3786(5) 5846(4) 102(1) 
C(11) -760(5) 3338(5) 6592(4) 99(1) C(12) -1707(5) 2422(5) 6348(4) 96(1) 
C(13) -2101(4) 1908(5) 5377(4) 80(1) C(14) -1533(4) 2331(4) 4643(4) 55(1) 
C(15) -600(4) 483(4) 3793(4) 60(1) C(16) -245(4) -404(4) 3656(4) 69(1) 
C(17) -897(4) -1390(4) 3045(4) 74(1) C(18) -1910(4) -1507(4) 2528(4) 67(1) 
C(19) -2256(4) -609(4) 2669(4) 57(1) C(20) -1616(4) 386(4) 3258(4) 50(1) 
P(2) -5723(2) 982(2) 2447(1) 47(1) N(2) -4726(4) 2616(4) 1559(4) 62(1) 
C(2 l ) -4694(4) 3217(4) 924(4) 80(1) C(22) -5604(4) 3036(5) 284(4) 90(1) 
C(23) -6577(4) 2135(5) 223(4) 88(1) C(24) -6614(4) 1480(4) 832(4) 68(1) 
C(25) -5702(4) 1726(4) 1517(4) 53(1) C(26) -6869(4) 2380(4) 3302(4) 70(1) 
C(27) -7418(5) 2818(5) 4079(4) 91(1) C(28) -7611(4) 2376(5) 4856(4) 85(1) 
C(29) -7266(4) 1521(4) 4886(4) 77(1) C(30) -6734(4) 1119(4) 4156(4) 70(1) 
C(31) -6513(4) 1537(4) 3349(4) 52(1) C(32) -7932(4) -647(4) 1871(4) 66(1) 
C(33) -8692(4) -1693(5) 1398(4) 78(1) C(34) -8301(4) -2475(4) 979(4) 75(1) 
C(35) -7126(4) -2221(5) 983(4) 84(1) C(36) -6347(4) -1211(4) 1424(4) 68(1) 
C(37) -6742(4) -390(4) 1879(4) 52(1) Ci(l) -1958(2) 5821(2) 680(2) 76(1) 
0(4) -2104(5) 4892(5) 83(5) 135(1) 0 ( 5 ) -1304(5) 6012(5) 1529(5) 209(1) 
0 ( 6 ) -3120(5) 5777(5) 899(5) 97(1) 0 ( 7 ) -1634(5) 6742(5) 418(5) 97(1) 
0(5.) -1986(5) 5831(5) 1679(5) 156(1) 0(6') -2950(5) 5188(5) 89(5) 209(1) 
0(4') -1385(5) 6908(5) 427(5) 98(1) 0(7.) -1240(5) 5210(5) 323(5) 155(1) 
C(38) 3744(5) 5668(5) 1920(5) 139(1) C(38') 4182(5) 6511(5) 3232(5) 123(1) 
Cl(2) 5035(4) 6748(5) 2307(4) 200(1) Cl(3) 3220(5) 5175(4) 2901(4) 238(1) 
C(39) 252(5) 958(5) 260(5) 168(1) Cl(4) -468(4) 4(4) 877(3) 203(1) 
Atoms 0 (4 ) -0 (7 ) and 0 ( 4 ' ) - 0 ( 7 ' ) belong to a two-fold disordered perchlorate anion and each has a site occupancy 0f'/2. 
Atoms C(38)-Cl(3) represent a two-fold disordered CH2CI2 molecule and each has a site occupancy of '/2. 
Atoms C(39)-Cl(4) represent a two-fold disordered CH2CI2 molecule, and C(39) has a site occupancy 0f'/2. 
Complex 2.2.5 
Ag(l ) 3960(1) 2462(1) 1333(1) 48(1) Fe(l) 5015(1) 2984(1) 2219(1) 39(1) 
C(1) 5510(4) 3279(4) 1685(2) 43(1) 0 ( l ) 5922(3) 3520(3) 1394(2) 62(1) 
C(2) 5862(5) 3363(5) 2725(3) 58(1) 0 ( 2 ) 6418(4) 3594(4) 3052(2) 101(1) 
C(3) 3975(4) 2476(4) 2373(2) 47(1) 0 (3 ) 3320(3) 2142(3) 2485(2) 64(1) 
P(1) 5569(1) 1431(1) 2257(1) 42(1) N(1) 4072(4) 737(4) 1645(2) 50(1) 
C(4) 3425(5) 66(5) 1467(3) 66(1) C(5) 3355(5) -882(5) 1656(3) 77(1) 
C(6) 3989(5) -1142(5) 2047(3) 91(1) C(7) 4682(5) -476(5) 2235(3) 74(1) 
C(8) 4693(4) 458(4) 2031(2) 44(1) C(9) 5626(4) 1278(5) 3267(2) 51(1) 
C(10) 5890(5) 870(5) 3724(3) 65(1) C(11) 6576(5) 159(5) 3800(3) 90(1) 
C(12) 6975(5) -167(5) 3417(3) 88(1) C(13) 6704(5) 228(5) 2946(3) 68(1) 
C(14) 6026(4) 956(4) 2874(3) 47(1) C(15) 7282(5) 1818(5) 2012(3) 73(1) 
C(16) 8016(5) 1659(6) 1771(3) 93(1) C(17) 8024(5) 890(6) 1458(3) 103(1) 
C(18) 7270(5) 284(6) 1362(3) 105(1) C(19) 6515(5) 413(5) 1601(3) 77(1) 
C(20) 6519(4) 1186(4) 1926(3) 51(1) P(2) 4300(1) 4458(1) 2170(1) 41(1) 
N(2) 2831(4) 3684(4) 1552(2) 50(1) C(21) 1954(5) 3656(5) 1320(3) 62(1) 
C(22) 1285(5) 4315(5) 1420(3) 73(1) C(23) 1526(5) 5032(5) 1760(3) 84(1) 
C(24) 2431(5) 5076(5) 2011(3) 68(1) CC25) 3072(4) 4406(4) 1891(2) 44(1) 
C(26) 5686(5) 5710(5) 1973(3) 58(1) C(27) 6048(5) 6511(5) 1766(3) 67(1) 
C(28) 5499(5) 7067(5) 1404(3) 71(1) C(29) 4594(5) 6813(5) 1254(3) 73(1) 
C(30) 4207(5) 5999(5) 1465(3) 57(1) C(31) 4749(4) 5457(4) 1829(2) 44(1) 
C(32) 4339(5) 6116(5) 2802(3) 75(1) C(33) 4309(6) 6559(5) 3254(3) 103(1) 
C(34) 4209(5) 5983(5) 3650(3) 84(1) C(35) 4134(5) 4965(5) 3606(3) 76(1) 
C(36) 4161(5) 4502(5) 3165(3) 59(1) C(37) 4269(4) 5085(4) 2758(3) 50(1) 
205 
Atomic Coordinates (x 10^) and equivalent isotropic thermal parameters 
Ueq (A^ X 10 )) (continued) 
P(3) 3725(1) 2463(2) 438(1) 48(1) N(3) 2473(4) 1011(4) 339(2) 66(1) 
C(38) 1723(5) 507(5) 116(3) 81(1) C(39) 1146(5) 822(5) -293(3) 94(1) 
C(40) 1335(5) 1688(6) -504(4) 108(1) C(41) 2089(5) 2207(5) -282(3) 92(1) 
C(42) 2651(4) 1870(5) 137(3) 53(1) C(43) 4416(5) 1285(5) -267(3) 59(1) 
C(44) 5135(5) 898(5) -470(3) 72(1) C(45) 6036(5) 1015(5) -243(3) 81(1) 
C(46) 6230(5) 1504(5) 201(3) 75(1) C(47) 5508(5) 1880(5) 408(3) 63(1) 
C(48) 4612(4) 1802(4) 168(2) 49(1) C(49) 4074(5) 3883(5) -261(3) 61(1) 
C(50) 3999(5) 4810(5) -481(3) 67(1) C(51) 3564(5) 5572(5) -293(3) 70(1) 
C(52) 3180(5) 5410(5) 114(3) 77(1) C(53) 3268(5) 4461(5) 341(3) 67(1) 
C(54) 3696(4) 3684(4) 152(2) 47(1) CI(1) 3583(2) 2287(2) 4180(1) 91(1) 
0(4) 4092(6) 1507(5) 4472(4) 108(1) 0(5) 2668(5) 1975(6) 4016(4) 133(1) 
0(6) 4141(5) 2474(6) 3815(3) 87(1) 0(7) 3629(6) 3173(5) 4476(4) 118(1) 
0(4') 3414(7) 1254(5) 4267(5) 171(1) 0(5,) 2827(6) 2852(6) 4302(5) 170(1) 
0(6,) 3534(7) 2385(7) 3655(3) 162(1) 0(7') 4441(6) 2648(7) 4428(5) 387(1) 
C(55) 4082(7) 2399(7) 5602(6) 161(1) 0(8) 4915(7) 2079(7) 5512(6) 219(1) 
Atoms 0(4)-0(7) and 0(4' ) -0(7' ) belong to a two-fold disordered perchlorate anion and each has a site occupancy 0f'/2. 
Atoms C(55)-0(8) represent a two-fold disordered MeOH molecule and each has a site occupancy of '/2. 
Complex 2.2.7 
Hg(l) 964(1) 3086(1) 2125(1) 75(1) 0(1W) -65(4) 4886(4) 1950(3) 123(1) 
Fe(l) 830(1) 1320(1) 2820(1) 50(1) C(1) 2621(4) 969(4) 2654(3) 60(1) 
0 (1) 3782(4) 742(3) 2576(3) 83(1) C(2) 697(4) 100(4) 3298(3) 60(1) 
0 (2 ) 590(4) -693(3) 3594(3) 86(1) C(3) -930(4) 2065(4) 2875(3) 68(1) 
0(3) -2055(4) 2521(4) 2909(3) 100(1) P(1) 1385(2) 1968(2) 3852(1) 49(1) 
N(1) 2723(4) 3219(4) 3010(3) 78(1) C(4) 3587(4) 3791(4) 2886(4) 105(1) 
C(5) 4409(4) 3965(4) 3456(4) 90(1) C(6) 4232(4) 3552(4) 4163(4) 84(1) 
C(7) 3330(4) 2947(4) 4295(3) 65(1) C(8) 2607(4) 2788(4) 3709(3) 53(1) 
C(9) 3059(4) 3(4) 4491(3) 61(1) C(10) 3745(4) -749(4) 5056(3) 78(1) 
C(11) 3565(4) -541(4) 5784(4) 92(1) C(12) 2753(4) 400(4) 5937(3) 95(1) 
C(13) 2046(4) 1197(4) 5355(3) 69(1) C(14) 2202(4) 981(4) 4627(3) 51(1) 
C(l5) -975(4) 2376(4) 4665(3) 64(1) C(16) -2121(4) 2987(4) 4951(3) 83(1) 
C(17) -2427(4) 4094(4) 4828(4) 99(1) C(18) -1572(4) 4560(4) 4430(4) 99(1) 
C(19) -358(4) 3918(4) 4132(3) 75(1) C(20) -77(4) 2838(4) 4264(3) 53(1) 
P(2) 355(2) 901(2) 1679(1) 51(1) N(2) -162(4) 2938(3) 982(3) 74(1) 
C(21) -630(4) 3724(4) 438(4) 106(1) C(22) -1454(4) 3624(4) -164(3) 111(1) 
C(23) -1735(4) 2707(4) -190(3) 102(1) C(24) -1231(4) 1864(4) 366(3) 87(1) 
C(25) -422(4) 2019(4) 947(3) 62(1) C(26) -2180(4) 583(4) 1846(3) 102(1) 
C(27) -3131(4) -43(4) 1904(4) 159(1) C(28) -2658(4) -1112(4) 1855(4) 167(1) 
C(29) -1379(4) -1542(4) 1712(4) 159(1) C(30) -480(4) -932(4) 1665(4) 95(1) 
C(31) -869(4) 131(4) 1717(3) 62(1) C(32) 2156(4) 431(4) 494(3) 67(1) 
C(33) 3303(4) -183(4) 185(3) 87(1) C(34) 4149(4) -1090(4) 587(3) 95(1) 
C(35) 3844(4) -1370(4) 1291(3) 77(1) C(37) 1842(4) 136(4) 1223(3) 52(1) 
0(4) 2552(4) 3844(3) 1166(3) 116(1) C1(1) 3503(3) 3159(2) 732(2) 116(1) 
0(5) 2832(4) 3076(4) 59(3) 160(1) 0(6) 3983(5) 2145(4) 1167(4) 191(1) 
0 (7) 4631(4) 3568(4) 578(4) 227(1) 0(5') 3171(5) 3465(4) -42(3) 388(1) 
0(6') 3463(4) 2099(4) 951(4) 153(1) 0(7') 4859(4) 3193(4) 883(4) 329(1) 
Cl(2) 5229(3) 7146(2) 3454(1) 101(1) 0(8) 6270(4) 7438(4) 3807(4) 204(1) 
0 (9) 4972(4) 6270(4) 3924(4) 127(1) 0(10) 3998(4) 7965(4) 3337(4) 258(1) 
0(11) 5695(4) 6763(4) 2770(3) 128(1) 0(8') 4328(4) 8181(4) 3302(4) 227(1) 
0(9.) 5304(5) 6756(4) 4218(3) 177(1) 0(10') 6565(4) 7194(4) 3243(4) 335(1) 
0 ( i r ) 4830(5) 6443(4) 3032(4) 291(1) C(38) 695(5) 6525(5) 3187(4) 157(1) 
0(12) 976(4) 6146(4) 2578(4) 141(1) 0(2W) 3184(5) 6364(4) 2018(4) 279(1) 
0(3W) 5208(4) 5399(4) 1074(4) 258(1) 0(4W) 7438(5) 5318(5) 2044(4) 192(1) 
Atoms 0(5)-0(7) and 0(5')-0(7') represent a two-fold disordered perchlorate anion about the CI(l)-0(4) bond and each has a site 
occupancy of V2. 
Atoms 0(8) -0( l 1) and 0(8' ) -0( l 1，）represent a two-fold disordered perchlorate anion and each has a site occupancy 0f'/2. 
Atoms C(38)-0(12) represent a two-fold disordered CH3OH molecule and each has a site occupancy ofV4. 
Atom 0(4w) represents a two-fold disordered H2O molecule and has a occupancy of '/2. 
Complex 2.2.8 
Fe(l) 2188(1) 2859(1) 3375(1) 37(1) C(1) 2970(3) 1885(2) 4138(2) 49(1) 
0(1) 3428(2) 1238(2) 4619(2) 74(1) C(2) 800(3) 3495(2) 4370(2) 46(1) 
0(2) -42(2) 3905(2) 4976(2) 66(1) P(1) 844(1) 2092(1) 3075(1) 38(1) 
N(1) 1162(2) 3753(2) 2465(2) 40(1) C(3) 1088(3) 4653(2) 2014(2) 49(1) 
C(4) 259(3) 5044(2) 1407(2) 57(1) C(5) -501(3) 4501(2) 1255(2) 57(1) 
C(6) -428(3) 3566(2) 1720(2) 48(1) C(7) 408(3) 3216(2) 2319(2) 39(1) 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) {coritinned) 
C(8) 2841(3) 245(2) 2577(2) 58(1) C(9) 3417(3) -645(2) 2110(3) 75(1) 
C(10) 2812(3) -807(3) 1507(3) 77(1) C(11) 1591(3) -103(2) 1369(2) 71(1) 
C(12) 984(3) 774(2) 1830(2) 57(1) C(l3) 1619(3) 963(2) 2439(2) 44(1) 
C(14) -912(3) 1048(2) 4178(2) 58(1) C(15) -2133(3) 965(3) 4784(3) 74(1) 
C(16) -3262(3) 1806(3) 5078(2) 69(1) C(17) -3142(3) 2752(3) 4761(2) 66(1) 
C(18) -1919(3) 2854(2) 4153(2) 52(1) C(19) -784(3) 1990(2) 3859(2) 43(1) 
P(2) 41517(8) 23998(6) 20867(6) 405(2) N(2) 3433(2) 3677(2) 3269(2) 41(1) 
C(20) 3399(3) 4376(2) 3788(2) 51(1) C(21) 4496(3) 4757(2) 3575(2) 56(1) 
C(22) 5652(3) 4405(2) 2846(2) 57(1) C(23) 5695(3) 3684(2) 2306(2) 58(1) 
C(24) 4569(3) 3338(2) 2534(2) 43(1) C(25) 6214(3) 919(3) 2726(3) 86(1) 
C(26) 7251(3) -10(3) 2691(3) 141(1) C(27) 7677(3) -602(3) 1941(3) 112(1) 
C(28) 7106(3) -263(3) 1219(3) 82(1) C(29) 6061(3) 658(2) 1243(2) 62(1) 
C(30) 5588(3) 1246(2) 2009(2) 49(1) C(31) 4683(3) 3475(3) 364(2) 66(1) 
C(32) 4628(3) 3741(3) -542(2) 82(1) C(33) 3868(3) 3390(3) -923(2) 69(1) 
C(34) 3182(3) 2746(3) -393(2) 66(1) C(35) 3255(3) 2449(2) 518(2) 56(1) 
C(36) 4014(3) 2815(2) 908(2) 43(1) C1(1) 1265(1) 7458(1) 70(1) 62(1) 
0(3) -135(3) 7469(3) 209(3) 78(1) 0(4) 2075(3) 6436(3) -127(3) 69(1) 
0(5) 1589(4) 8074(3) -737(3) 187(1) 0(6) 1412(4) 7764(4) 835(3) 222(1) 
0(3') -159(3) 7632(4) 416(4) 184(1) 0(4') 1998(4) 6400(3) 82(4) 201(1) 
0(5.) 1818(4) 7858(3) 602(3) 113(1) 0(6') 1698(3) 7857(3) -855(3) 74(1) 
Cl(2) 2648(1) 3697(1) 6383(1) 68(1) 0(7) 2927(4) 3376(4) 7206(3) 203(1) 
0(8) 1198(3) 4171(4) 6462(4) 201(1) 0(9) 3226(4) 4480(3) 5922(3) 145(1) 
0(10) 3179(4) 2954(3) 5718(3) 110(1) 0(7,) 3926(3) 3556(3) 6574(3) 145(1) 
0(8,) 1879(4) 4695(3) 6253(3) 134(1) 0(9') 1858(4) 3282(3) 7218(3) 107(1) 
0(10.) 2844(4) 3119(3) 5648(3) 107(1) C(37) 647(3) 7596(3) 2934(3) 88(1) 
Cl(3) 87(1) 8381(1) 3854(1) 99(1) Cl(4) 2283(2) 6737(1) 2860(1) 130(1) 
Atoms 0(3)-0(6) and 0(3')-0(6') , 0(7)-0(10) and 0(7')-0(10') belong to separate two-fold disordered perchlorate anions and 
each has a site occupancy of '/i. 
Complex 2.3.2 
Fe(l) 2328(1) 75(1) 2566(1) 60(1) C(1) 1364(9) -836(7) 3241(4) 75(3) 
0(1) 730(7) -1474(6) 3680(4) 103(3) C(2) 1476(10) 834(7) 2002(5) 93(4) 
0(2) 920(9) 1386(6) 1658(5) 144(4) C(3) 4216(9) 166(6) 2497(3) 64(3) 
0(3) 5472(7) 241(6) 2461(3) 91(3) P(1) 1277(2) -1709(2) 1559(1) 61(1) 
N(1) 2799(10) -3094(7) 2060(5) 114(4) C(4) 2925(15) -4206(12) 2183(7) 124(7) 
C(5) 1750(19) -5349(11) 2037(8) 127(7) C(6) 394(19) -5408(13) 1735(13) 197(11) 
N(2) 172(12) -4311(9) 1614(8) 155(6) C(7) 1409(9) -3207(7) 1755(4) 70(3) 
C(8) -1726(9) -1931(8) 1722(5) 86(4) C(9) -3281(11) -2350(11) 1474(8) 114(6) 
C(10) -3923(13) -3117(14) 702(10) 154(8) C(11) -3025(13) -3477(17) 207(8) 183(9) 
C(12) -1496(11) -3078(12) 454(6) 139(6) C(13) -804(8) -2264(7) 1219(4) 78(3) 
C(14) 2820(19) -2291(16) 310(6) 167(11) C(15) 3410(26) -2180(26) -404(9) 251(21) 
C(16) 3300(19) -1376(22) -789(10) 177(12) C(17) 2469(23) -677(17) -541(10) 171(11) 
C(18) 1878(17) -748(12) 210(7) 146(8) C(19) 2089(8) -1613(7) 610(4) 73(3) 
P(2) 3218(2) 1934(2) 3521(1) 62(1) N(3) 5069(10) 3381(8) 2539(5) 107(4) 
C(20) 6289(11) 4507(9) 2407(6) 103(5) C(21) 7213(11) 5520(9) 3042(7) 105(5) 
C(22) 6976(12) 5467(9) 3818(6) 100(5) N(4) 5799(9) 4391(8) 3982(5) 108(4) 
C(23) 4842(8) 3350(7) 3337(4) 65(3) C(24) 2109(10) 3899(8) 3918(5) 86(4) 
C(25) 960(13) 4343(10) 4046(7) 115(6) C(26) -499(15) 3515(14) 4022(8) 130(7) 
C(27) -802(14) 2233(13) 3875(12) 197(10) C(28) 288(13) 1756(10) 3734(11) 171(8) 
C(29) 1774(10) 2609(8) 3758(4) 79(4) C(30) 5398(10) 1883(8) 4639(5) 88(4) 
C(31) 5918(18) 1741(11) 5372(9) 144(7) C(32) 4946(30) 1501(14) 5939(9) 175(13) 
C(33) 3525(26) 1384(14) 5767(8) 161(11) C(34) 2996(13) 1540(9) 5049(5) 101(5) 
C(35) 3930(10) 1790(7) 4515(4) 78(4) 
Complex 2.3.3 
Hg(l) 3587(1) 3022(1) 758(1) 46(1) Fe(l) 2333(1) 1587(1) 642(1) 37(1) 
Cl(lA) 5619(3) 3094(2) 472(1) 72(1) CI(2A) 3065(3) 4675(2) 1139(2) 83(1) 
P(lA) 2464(2) 923(2) 1459(1) 41(1) P(2A) 2062(2) 2082(2) -186(1) 40(1) 
C(lA) 1402(6) 2615(5) 902(3) 42(1) 0(1A) 756(5) 3246(5) 1067(3) 63(1) 
C(2A) 1454(6) 619(6) 597(3) 52(1) 0(2A) 882(6) 12(5) 570(3) 73(1) 
C(3A) 3723(7) 1149(5) 406(4) 50(1) 0(3A) 4650(6) 876(5) 249(3) 85(1) 
C(4A) 3662(6) 1163(5) 1758(3) 49(1) N(lA) 4145(6) 1963(5) 1599(3) 53(1) 
C(5A) 4982(7) 2183(6) 1849(4) 68(1) C(6A) 5284(6) 1566(6) 2262(4) 59(1) 
C(7A) 4736(7) 734(6) 2396(4) 61(1) N(2A) 3899(6) 523(5) 2154(3) 57(1) 
N(3A) 3436(7) 3563(6) -250(4) 110(1) C(8A) 2962(7) 2995(5) -538(3) 52(1) 
N(4A) 3101(7) 3062(6) -1053(4) 112(1) C(9A) 3862(8) 3686(7) -1272(5) 204(1) 
C(lOA) 4254(7) 4320(6) -1038(4) 77(1) C(l lA) 4141(7) 4192(7) -515(5) 143(1) 
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Atomic Coordinates (x 10^) and equivalent isotropic thermal parameters 
Ueq (A^  X 10 )) (continued) 
C(12A) 1511(7) 2123(6) 2301(4) 68(1) C(13A) 635(7) 2571(7) 2628(4) 89(1) 
C(14A) -374(7) 2280(7) 2644(4) 123(1) C(15A) -572(7) 1542(7) 2311(4) 103(1) 
C(16A) 272(7) 1122(7) 1982(4) 77(1) C(17A) 1344(6) 1414(5) 1955(3) 42(1) 
C(18A) 3153(7) -980(6) 1112(4) 68(1) C(19A) 3206(7) -2021(6) 1114(4) 81(1) 
C(20A) 2631(7) -2517(6) 1521(5) 90(1) C(21A) 1997(7) -1996(6) 1934(5) 95(1) 
C(22A) 1941(7) -950(6) 1927(4) 60(1) C(23A) 2501(6) -434(5) 1508(3) 48(1) 
C(24A) -179(7) 2088(6) -118(4) 68(1) C(25A) -1258(7) 2486(6) -126(5) 85(1) 
C(26A) -1425(7) 3514(7) -256(4) 81(1) C(27A) -588(7) 4075(6) -358(4) 73(1) 
C(28A) 481(7) 3677(6) -332(3) 56(1) C(29A) 700(6) 2670(5) -221(3) 45(1) 
C(30A) 2835(7) 175(6) -590(4) 63(1) C(31A) 2917(7) -580(6) -954(4) 80(1) 
C(32A) 2427(7) -435(6) -1376(4) 72(1) C(33A) 1819(7) 473(6) -1468(4) 78(1) 
C(34A) 1739(7) 1228(6) -1109(4) 59(1) C(35A) 2199(6) 1075(6) -661(3) 48(1) 
Hg(2) 6724(1) 8864(1) 3504(1) 49(1) Fe(2) 8152(1) 7361(1) 3665(1) 41(1) 
Cl( lB) 7096(3) 10507(3) 3070(2) 93(1) Cl(2B) 4699(3) 9023(3) 3703(1) 78(1) 
P(lB) 7596(2) 6402(2) 3075(1) 43(1) P(2B) 8790(2) 8279(2) 4249(1) 43(1) 
C( lB) 8856(6) 8069(6) 3126(3) 52(1) 0(1B) 9341(6) 8475(5) 2771(3) 72(1) 
C(2B) 9213(7) 6387(6) 3759(4) 59(1) 0(2B) 9904(6) 5772(5) 3823(3) 86(1) 
C(3B) 6960(6) 7127(6) 4127(4) 53(1) 0(3B) 6227(6) 6995(5) 4420(3) 77(1) 
C(4B) 6472(6) 6983(5) 2761(3) 41(1) N(lB) 5427(7) 6700(6) 2907(4) 82(1) 
C(5B) 4596(7) 7216(6) 2682(4) 76(1) C(6B) 4775(7) 7980(6) 2329(4) 74(1) 
C(7B) 5831(7) 8294(6) 2185(4) 70(1) N(2B) 6691(7) 7794(6) 2411(4) 83(1) 
N(3B) 6933(6) 9568(5) 4373(3) 63(1) C(8B) 7875(6) 9383(5) 4545(3) 48(1) 
N(4B) 8207(6) 9838(6) 4924(4) 85(1) C(9B) 7548(7) 10599(7) 5140(4) 85(1) 
C(lOB) 6571(7) 10873(6) 4969(4) 85(1) C ( l l B ) 6271(7) 10333(7) 4589(4) 89(1) 
C(12B) 7288(7) 4782(6) 3784(4) 79(1) C(13B) 7005(7) 3754(7) 3916(5) 106(1) 
C(14B) 6725(7) 3187(6) 3571(6) 123(1) C(15B) 6611(7) 3586(7) 3083(5) 100(1) 
C(16B) 6864(7) 4579(6) 2918(5) 88(1) C(17B) 7183(7) 5160(6) 3291(4) 61(1) 
C(18B) 8861(8) 6753(7) 2099(5) 46(1) C(19B) 9866(8) 6567(8) 1681(6) 62(1) 
C(20B) 10403(7) 5548(7) 1724(4) 84(1) C(21B) 10127(8) 4980(8) 2133(6) 63(1) 
C(22B) 9308(8) 5188(7) 2557(5) 42(1) C(23B) 8695(6) 6093(6) 2524(3) 51(1) 
C(18C) 8392(8) 5976(8) 2070(7) 84(1) C(19C) 9327(8) 5678(8) 1644(7) 123(1) 
C(21C) 10568(8) 5533(8) 2259(7) 103(1) C(22C) 9744(8) 5830(8) 2650(6) 61(1) 
C(24B) 9994(7) 9829(6) 3720(4) 77(1) C(25B) 10912(7) 10176(7) 3441(4) 86(1) 
C(26B) 11874(7) 9618(7) 3362(4) 86(1) C(27B) 11907(7) 8622(7) 3545(4) 86(1) 
C(28B) 1 1021(7) 8240(6) 3833(4) 62(1) C(29B) 10010(6) 8834(6) 3928(3) 51(1) 
C(30B) 9859(7) 8048(6) 5122(4) 74(1) C(31B) 10176(7) 7560(7) 5581(4) 89(1) 
C(32B) 9875(7) 6681(7) 5735(4) 87(1) C(33B) 9129(7) 6215(6) 5472(4) 83(1) 
C(34B) 8810(7) 6701(6) 5018(4) 69(1) C(35B) 9211(7) 7613(6) 4831(3) 53(1) 
C(36) 3462(8) 1485(6) 3915(3) 202(1) Cl(3A) 3894(4) 2063(4) 4412(2) 139(1) 
Cl(3B) 3045(5) 2258(5) 3433(2) 206(1) C(37) 6295(7) 3856(6) 5764(6) 133(1) 
Cl(4A) 7538(6) 3636(6) 5359(3) 146(1) Cl(4B) 5853(7) 5096(6) 5643(5) 230(1) 
C(38) 2727(7) 4590(8) 2563(5) 178(1) Cl(5A) 4122(6) 4507(6) 2513(4) 180(1) 
Cl(5B) 2214(7) 5401(7) 3069(5) 219(1) C(39) 7923(7) 3538(7) 1317(5) 87(1) 
0 (4) 6871(7) 3388(7) 1476(6) 111(1) 
Atoms C(18B)-C(23B) and C(18C)-C(23C) represent a two-fold disordered phenyl group and each has a site occupancy 0f'/2. 
Atoms C(37)-Cl(4B) and C(38)-CI(5B) represent a two-fold disordered CH2Cl2 molecule and each has a site occupancy 0f'/2. 
Atoms C(39) and 0(4) represent a two-fold disordered MeOH molecule and each has a site occupancy of '/2. 
Complex 2.3.4 
Hg(l) 4647(1) 2311(1) 1282(1) 51(1) Br(l) 2931(2) 2138(2) 412(1) 86(1) 
Br(2) 6024(2) 2440(2) 529(1) 76(1) Fe(l) 5066(2) 2363(2) 2701(1) 39(1) 
C(1) 5296(9) 2381(9) 3650(8) 49(1) 0(1) 5438(8) 2352(8) 4270(6) 73(1) 
C(2) 6082(9) 3002(9) 2463(8) 54(I) 0(2) 6715(7) 3425(8) 2334(7) 72(1) 
C(3) 3890(9) 1694(9) 2443(8) 53(1) 0(3) 3200(8) 1287(8) 2354(7) 78(1) 
P(1) 5946(3) 1004(4) 2761(3) 40(1) N(1) 4965(8) 419(8) 1449(7) 50(1) 
C(4) 4835(10) -183(9) 855(8) 73(1) C(5) 5517(9) -882(9) 835(8) 76(1) 
C(6) 6306(10) -966(10) 1372(8) 88(1) N(2) 6403(8) -429(8) 1921(7) 61(1) 
C(7) 5754(9) 249(9) 1935(8) 50(1) C(8) 4944(9) 112(9) 3728(8) 51(1) 
C(9) 4780(9) -598(9) 4173(8) 71(1) C(10) 5381(10) -1286(9) 4372(7) 75(1) 
C(11) 6256(9) -1342(9) 4084(8) 62(1) C(12) 6458(9) -618(9) 3558(8) 62(1) 
C(13) 5750(9) 131(9) 3384(7) 43(1) C(14) 7733(10) 1315(10) 3693(9) 87(1) 
C(15) 8779(9) 1467(9) 3870(9) 78(1) C(16) 9324(10) 1502(9) 3319(9) 104(1) 
C(17) 8853(9) 1448(9) 2616(9) 64(1) C(18) 7825(9) 1271(9) 2426(8) 58(1) 
C(19) 7294(9) 1205(9) 2983(7) 41(1) P(2) 4216(4) 3728(4) 2704(3) 41(1) 
N(3) 4338(9) 4234(8) 1345(7) 64(1) C(20) 3056(10) 5620(10) 1206(9) 119(1) 
C(21) 3436(10) 5461(10) 651(8) 88(1) C(22) 4099(10) 4719(10) 736(8) 113(1) 
N(4) 3246(9) 5109(9) 1839(8) 74(1) C(23) 3892(9) 4449(9) 1834(8) 59(1) 
C(24) 2924(10) 3500(10) 3611(8) 98(1) C(25) 2000(9) 3332(10) 3789(9) 117(1) 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) {coritinned) 
C(26) 1231(9) 3127(10) 3209(9) 106(1) C(27) 1226(10) 3173(10) 2464(10) 134(1) 
C(28) 2180(9) 3341(9) 2356(8) 66(1) C(29) 2970(9) 3544(9) 2888(8) 47(1) 
C(30) 4179(10) 5392(9) 3507(8) 75(1) C(31) 4590(10) 6073(10) 3979(9) 123(1) 
C(32) 5670(10) 5992(9) 4319(8) 86(1) C(33) 6115(10) 5229(10) 4176(9) 106(1) 
C(34) 5775(9) 4596(9) 3701(7) 56(1) C(35) 4785(9) 4631(8) 3353(7) 39(1) 
Complex 2.3.5 
Hg(l) 46328(5) 22844(5) 13033(3) 426(2) I(1) 2792(1) 2101(1) 428(1) 73(1) 
I(2) 6100(1) 2411(1) 534(1) 65(1) Fe(l) 5050(2) 2350(2) 2699(1) 32(1) 
C(1) 5268(7) 2379(7) 3634(6) 41(1) 0(1) 5404(7) 2365(7) 4235(5) 67(1) 
C(2) 6066(7) 2977(6) 2466(6) 41(1) 0(2) 6717(7) 3403(6) 2342(5) 61(1) 
C(3) 3889(7) 1699(7) 2451(6) 36(1) 0(3) 3160(7) 1310(6) 2345(6) 77(1) 
P(1) 5915(3) 982(3) 2775(2) 35(1) N(1) 4989(7) 413(7) 1464(6) 50(1) 
C(4) 4929(7) -186(7) 907(7) 57(1) C(5) 5582(8) -867(7) 882(7) 60(1) 
C(6) 6346(8) -979(8) 1463(7) 72(1) N(2) 6430(7) -452(7) 1992(7) 77(1) 
C(7) 5782(7) 222(7) 1967(6) 47(1) C(8) 4817(7) 132(7) 3703(6) 49(1) 
C(9) 4679(7) -563(8) 4118(7) 72(1) C(10) 5397(8) -1271(7) 4358(7) 73(1) 
C(11) 6100(8) -1342(7) 4079(7) 71(1) C(12) 6348(8) -657(7) 3569(7) 69(1) 
C(13) 5658(7) 97(7) 3392(6) 37(1) C(14) 7649(8) 1286(7) 3688(7) 69(1) 
C(15) 8725(7) 1437(8) 3860(7) 71(1) C(16) 9213(8) 1501(7) 3377(7) 74(1) 
C(17) 8821(8) 1461(7) 2654(7) 74(1) C(18) 7781(7) 1270(7) 2489(7) 58(1) 
C(19) 7264(7) 1168(7) 2989(6) 43(1) PC2) 4229(3) 3734(3) 2699(2) 35(1) 
N(3) 4377(7) 4199(7) 1372(6) 61(1) C(20) 2985(8) 5638(8) 1257(7) 119(1) 
C(21) 3427(8) 5397(7) 680(7) 71(1) C(22) 4102(8) 4700(7) 783(7) 136(1) 
N(4) 3244(7) 5122(7) 1841(7) 72(1) C(23) 3911(7) 4445(7) 1869(7) 49(1) 
C(24) 2987(7) 3538(7) 3606(7) 57(1) C(25) 1977(8) 3372(8) 3730(7) 94(1) 
C(26) 1175(7) 3184(8) 3157(7) 77(1) C(27) 1269(8) 3196(8) 2537(8) 97(1) 
C(28) 2208(7) 3350(7) 2340(7) 64(1) C(29) 3008(7) 3570(7) 2902(6) 42(1) 
C(30) 4264(7) 5423(7) 3446(7) 60(1) C(3l) 4748(8) 6072(7) 3974(7) 93(1) 
C(32) 5727(8) 6014(7) 4300(7) 71(1) C(33) 6199(8) 5259(8) 4135(7) 91(1) 
C(34) 5823(7) 4564(8) 3652(7) 63(1) C(35) 4818(7) 4643(7) 3328(6) 46(1) 
Complex 2.3.6 
Hg(l) 5400(1) 6684(1) 2539(1) 42(1) S(1) 3781(1) 6314(2) 2014(2) 80(1) 
C(4) 3750(5) 5134(8) 1961(6) 72(4) N(5) 3703(6) 4284(8) 1923(8) 132(6) 
S(2) 5848(3) 7390(4) 1423(3) 67(1) C(5) 5301(11) 6844(13) 679(11) 49(4) 
N(6) 5035(12) 6270(13) 189(10) 78(4) S(2,) 5511(3) 7730(3) 1362(3) 55(1) 
C(5.) 4977(16) 7043(17) 644(15) 77(6) N(6') 4491(18) 6712(19) 89(17) 140(9) 
Fe(l) 6440(1) 6664(1) 4046(1) 32(1) C(1) 6991(4) 7302(5) 3470(4) 45(3) 
0(1) 7378(3) 7725(4) 3148(3) 65(2) C(2) 5488(4) 5987(5) 4053(4) 39(2) 
0(2) 4920(3) 5519(4) 4068(3) 57(2) C(3) 7179(5) 6672(5) 5039(4) 46(3) 
0(3) 7661(4) 6691(4) 5681(3) 77(3) P(1) 7053(1) 5232(1) 3885(1) 34(1) 
N(1) 5950(4) 4912(4) 2370(3) 52(2) C(6) 5577(5) 4355(7) 1720(5) 60(3) 
C(7) 5664(5) 3361(6) 1757(5) 58(3) C(8) 6137(5) 2961(6) 2464(5) 58(4) 
N(2) 6534(4) 3487(4) 3124(4) 47(2) C(9) 6428(4) 4454(5) 3033(4) 38(2) 
C(10) 6892(5) 4439(6) 5288(4) 52(3) C(11) 7105(6) 3786(7) 5927(5) 66(4) 
C(12) 7752(5) 3093(6) 6014(5) 64(4) C(13) 8194(5) 3061(6) 5476(5) 57(3) 
C(14) 7985(5) 3702(5) 4836(5) 49(3) C(15) 7327(4) 4397(5) 4741(4) 38(2) 
C(16) 8780(4) 5767(6) 4288(5) 56(3) C(17) 9581(5) 5866(6) 4193(6) 63(4) 
C(18) 9684(5) 5550(6) 3493(6) 64(4) C(19) 9006(5) 5156(7) 2902(5) 67(4) 
C(20) 8198(5) 5058(6) 3000(4) 53(3) C(21) 8074(4) 5362(5) 3691(4) 39(2) 
P(2) 5907(1) 8080(1) 4378(1) 34(1) N(3) 4737(4) 8525(5) 2958(4) 59(3) 
C(22) 3949(6) 8790(7) 2461(5) 76(4) C(23) 3261(5) 8941(7) 2720(6) 75(4) 
C(24) 3418(5) 8860(7) 3526(6) 69(4) N(4) 4210(4) 8610(5) 4049(4) 58(3) 
C(25) 4812(4) 8436(5) 3721(4) 40(2) C(26) 6133(5) 10095(6) 4264(5) 56(3) 
C(27) 6608(7) 10939(7) 4263(6) 75(4) C(28) 7479(7) 10883(7) 4392(6) 82(5) 
C(29) 7896(6) 9991(7) 4558(6) 74(4) C(30) 7433(5) 9145(6) 4575(5) 58(3) 
C01 ) 6537(4) 9182(5) 4400(4) 40(2) C(32) 6312(5) 8559(6) 5985(4) 58(3) 
C(33) 6277(7) 8431(7) 6750(5) 77(4) C(34) 5747(6) 7753(8) 6888(5) 73(4) 
C(35) 5249(7) 7168(8) 6276(5) 79(4) C(36) 5270(5) 7311(7) 5512(5) 66(4) 
C(37) 5814(4) 7999(5) 5371(4) 43(3) 
Atoms S(2)-N(6) and S(2')-N(6') represent a tvvo-foId disordered SCN" group and each has a site occupancy of'/4. 
Complex 2.3.7 
Cd(l) 9824(1) 8418(1) 2404(1) 44(1) C1(1) 10308(2) 9789(1) 2195(1) 69(1) 
Cl(2) 9322(3) 8627(2) 3500(1) 84(1) Fe(l) 9850(1) 6916(1) 15460(1) 34(3) 
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Atomic Coordinates (x 10^) and equivalent isotropic thermal parameters 
Ueq (A^ X 10 )) {continued) 
C ( 1 ) 9 5 4 6 ( 7 ) 6 7 7 2 ( 5 ) 2 3 1 4 ( 4 ) 4 5 ( 2 ) 0 ( 1 ) 9 3 8 3 ( 6 ) 6 6 3 4 ( 4 ) 2 7 8 6 ( 3 ) 6 6 ( 2 ) 
C ( 2 ) 1 0 1 3 7 ( 6 ) 7 7 1 4 ( 5 ) 1 1 2 1 ( 4 ) 4 3 ( 2 ) 0 ( 2 ) 1 0 2 9 3 ( 5 ) 8 1 8 2 ( 4 ) 8 2 3 ( 3 ) 6 5 ( 2 ) 
C ( 3 ) 9 9 1 9 ( 7 ) 5 9 5 6 ( 6 ) 1 0 1 5 ( 4 ) 4 7 ( 2 ) 0 ( 3 ) 9 9 8 5 ( 6 ) 5 3 6 1 ( 4 ) 6 8 5 ( 3 ) 8 1 ( 2 ) 
P (1 ) 1 1 6 6 9 ( 2 ) 7 0 5 3 ( 1 ) 1 7 9 5 ( 1 ) 3 7 ( 1 ) N ( 1 ) 1 1 7 2 1 ( 6 ) 8 4 2 4 ( 4 ) 2 7 3 5 ( 3 ) 5 0 ( 2 ) 
C ( 4 ) 1 2 2 2 6 ( 8 ) 9 0 4 6 ( 6 ) 3 2 2 1 ( 4 ) 6 2 ( 3 ) C ( 5 ) 1 3 3 1 4 ( 8 ) 9 1 5 2 ( 6 ) 3 4 1 6 ( 4 ) 6 2 ( 3 ) 
C ( 6 ) 1 3 8 8 1 ( 8 ) 8 5 8 7 ( 6 ) 3 1 0 7 ( 4 ) 6 2 ( 3 ) N ( 2 ) 1 3 3 9 9 ( 6 ) 7 9 6 1 ( 5 ) 2 6 2 8 ( 4 ) 5 6 ( 2 ) 
C ( 7 ) 1 2 3 2 4 ( 6 ) 7 9 1 0 ( 5 ) 2 4 6 7 ( 3 ) 3 9 ( 2 ) C ( 8 ) 1 3 2 2 2 ( 8 ) 6 1 1 9 ( 6 ) 2 0 1 5 ( 5 ) 6 6 ( 3 ) 
C ( 9 ) 1 3 5 5 2 ( 1 1 ) 5 4 5 2 ( 8 ) 2 1 9 1 ( 5 ) 8 5 ( 4 ) C ( 1 0 ) 1 2 7 7 5 ( 1 2 ) 4 8 5 9 ( 8 ) 2 3 6 0 ( 5 ) 8 6 ( 4 ) 
C ( 1 1 ) 1 1 7 0 9 ( 1 3 ) 4 9 2 2 ( 7 ) 2 3 5 7 ( 5 ) 8 8 ( 4 ) C ( 1 2 ) 1 1 3 6 4 ( 9 ) 5 5 7 3 ( 6 ) 2 1 7 4 ( 4 ) 6 1 ( 3 ) 
C ( 1 3 ) 1 2 1 0 7 ( 7 ) 6 1 7 7 ( 5 ) 2 0 0 9 ( 4 ) 4 3 ( 2 ) C ( 1 4 ) 1 2 7 8 1 ( 9 ) 6 6 4 9 ( 8 ) 7 2 8 ( 5 ) 8 0 ( 3 ) 
C ( 1 5 ) 1 3 4 3 7 ( 1 2 ) 6 8 4 4 ( 1 3 ) 2 4 7 ( 6 ) 125 (6 ) C ( 1 6 ) 1 3 8 0 0 ( 1 2 ) 7 6 5 0 ( 1 3 ) 2 3 2 ( 8 ) 1 1 6 ( 6 ) 
C ( 1 7 ) 1 3 5 5 3 ( 1 0 ) 8 2 5 3 ( 1 0 ) 6 6 1 ( 6 ) 9 7 ( 4 ) C ( 1 8 ) 1 2 9 1 4 ( 7 ) 8 0 8 2 ( 7 ) 1 1 5 0 ( 5 ) 6 3 ( 3 ) 
C ( 1 9 ) 1 2 5 3 4 ( 7 ) 7 2 7 5 ( 6 ) 1 1 8 0 ( 4 ) 5 1 ( 2 ) P(2) 8 0 4 6 ( 2 ) 6 7 1 4 ( 1 ) 1 2 1 7 ( 1 ) 3 7 ( 1 ) 
N ( 3 ) 7 9 0 0 ( 5 ) 8 1 8 3 ( 4 ) 2 0 0 6 ( 3 ) 4 7 ( 2 ) C ( 2 0 ) 7 3 4 5 ( 8 ) 8 7 6 8 ( 6 ) 2 2 5 0 ( 5 ) 6 8 ( 3 ) 
C ( 2 1 ) 6 2 4 2 ( 8 ) 8 6 9 2 ( 6 ) 2 1 1 0 ( 5 ) 6 6 ( 3 ) C ( 2 2 ) 5 7 0 4 ( 8 ) 7 9 7 6 ( 7 ) 1 7 0 8 ( 5 ) 6 6 ( 3 ) 
N ( 4 ) 6 2 1 4 ( 6 ) 7 3 7 7 ( 5 ) 1 4 5 3 ( 4 ) 6 0 ( 2 ) C ( 2 3 ) 7 3 0 5 ( 6 ) 7 5 1 6 ( 5 ) 1 6 1 2 ( 4 ) 3 8 ( 2 ) 
C ( 2 4 ) 7 9 2 8 ( 7 ) 6 0 5 3 ( 6 ) - 5 9 ( 4 ) 5 3 ( 2 ) C ( 2 5 ) 7 7 4 5 ( 8 ) 6 0 1 6 ( 7 ) - 6 8 5 ( 4 ) 6 7 ( 3 ) 
C ( 2 6 ) 7 4 1 2 ( 9 ) 6 6 5 4 ( 7 ) - 8 6 6 ( 5 ) 7 5 ( 3 ) C ( 2 7 ) 7 2 7 2 ( 1 0 ) 7 3 3 3 ( 8 ) - 4 3 4 ( 5 ) 8 2 ( 3 ) 
C ( 2 8 ) 7 4 7 8 ( 9 ) 7 3 7 3 ( 6 ) 2 0 7 ( 5 ) 7 1 ( 3 ) C ( 2 9 ) 7 7 9 6 ( 6 ) 6 7 1 9 ( 5 ) 3 9 1 ( 4 ) 4 3 ( 2 ) 
C ( 3 0 ) 7 4 2 8 ( 8 ) 5 2 3 9 ( 5 ) 1 6 0 5 ( 4 ) 5 4 ( 2 ) C ( 3 1 ) 6 7 2 3 ( 9 ) 4 5 1 4 ( 6 ) 1 6 2 2 ( 5 ) 6 9 ( 3 ) 
C ( 3 2 ) 5 6 9 7 ( 9 ) 4 2 9 8 ( 6 ) 1 3 1 2 ( 5 ) 6 8 ( 3 ) C ( 3 3 ) 5 3 6 1 ( 8 ) 4 8 0 0 ( 6 ) 9 5 4 ( 5 ) 6 7 ( 3 ) 
C ( 3 4 ) 6 0 6 4 ( 7 ) 5 5 2 6 ( 6 ) 9 2 3 ( 4 ) 5 8 ( 2 ) C ( 3 5 ) 7 1 2 8 ( 6 ) 5 7 5 4 ( 5 ) 1 2 5 6 ( 4 ) 4 1 ( 2 ) 
C d ( r ) 4 8 1 9 ( 1 ) 1 6 6 3 ( 1 ) 251 1(1) 4 6 ( 1 ) CI(1') 5 1 8 8 ( 3 ) 2 0 8 9 ( 2 ) 1 5 2 4 ( 1 ) 9 5 ( 1 ) 
Cl(2') 4 3 5 0 ( 2 ) 145 (1 ) 2 2 3 5 ( 1 ) 7 4 ( 1 ) Fe( l ' ) 4 9 3 0 ( 1 ) 2 7 9 5 ( 1 ) 3 6 7 4 ( 1 ) 3 4 ( 1 ) 
C ( r ) 5 1 4 1 ( 6 ) 3 3 8 7 ( 5 ) 3 0 9 9 ( 4 ) 4 3 ( 2 ) 0 ( 1 ) 5 2 4 7 ( 6 ) 3 8 1 5 ( 4 ) 2 7 5 6 ( 3 ) 6 7 ( 2 ) 
C(2') 4 6 3 2 ( 7 ) 1 7 7 9 ( 5 ) 3 8 0 9 ( 4 ) 4 4 ( 2 ) 0 ( 2 ' ) 4 4 5 2 ( 6 ) 1 1 5 8 ( 4 ) 3 9 3 7 ( 3 ) 6 7 ( 2 ) 
C(3') 5 0 1 1 ( 6 ) 3 5 3 2 ( 6 ) 4 4 1 2 ( 4 ) 4 7 ( 2 ) 0 ( 3 ' ) 5 0 5 2 ( 6 ) 4 0 1 3 ( 4 ) 4 8 7 3 ( 3 ) 7 2 ( 2 ) 
P ( r ) 3 0 9 4 ( 2 ) 2 7 2 9 ( 1 ) 3 5 5 1 ( 1 ) 3 6 ( 1 ) N(1') 2 9 0 0 ( 6 ) 1 7 4 6 ( 5 ) 2 3 6 6 ( 3 ) 5 7 ( 2 ) 
C(4.) 2 3 5 8 ( 8 ) 1 3 5 8 ( 7 ) 1 7 9 9 ( 4 ) 7 8 ( 3 ) C(5,) 1420 (8 ) 1 5 4 7 ( 7 ) 1 6 0 7 ( 5 ) 7 0 ( 3 ) 
C(6') 1 0 0 4 ( 9 ) 2 1 2 2 ( 8 ) 2 0 1 5 ( 5 ) 8 5 ( 4 ) N(2') 1 4 8 8 ( 7 ) 2 4 8 4 ( 6 ) 2 5 8 6 ( 4 ) 8 1 ( 3 ) 
C(7,) 2 4 2 6 ( 6 ) 2 2 8 1 ( 5 ) 2 7 3 8 ( 4 ) 4 3 ( 2 ) C(8') 1592 (7 ) 1 3 3 0 ( 5 ) 3 7 1 1 ( 4 ) 5 2 ( 2 ) 
C(9.) 9 3 2 ( 8 ) 8 8 9 ( 6 ) 4 0 7 6 ( 5 ) 6 7 ( 3 ) C(10') 9 5 3 ( 8 ) 1 2 1 4 ( 7 ) 4 7 0 7 ( 6 ) 7 5 ( 3 ) 
C ( i r ) 1 6 3 6 ( 8 ) 1 9 5 7 ( 7 ) 4 9 9 2 ( 5 ) 6 8 ( 3 ) C(12') 2 2 9 8 ( 8 ) 2 3 9 3 ( 6 ) 4 6 4 0 ( 4 ) 5 7 ( 2 ) 
C(13' ) 2 2 5 6 ( 6 ) 2 0 8 4 ( 5 ) 3 9 9 2 ( 4 ) 4 0 ( 2 ) C(14_) 1 4 6 6 ( 7 ) 3 6 5 3 ( 6 ) 3 8 4 9 ( 4 ) 5 6 ( 2 ) 
C(15 , ) 1 0 5 6 ( 8 ) 4 3 6 9 ( 6 ) 3 9 9 3 ( 4 ) 6 4 ( 3 ) C(16') 1779 (9 ) 5 1 1 7 ( 6 ) 4 0 5 1 ( 4 ) 6 8 ( 3 ) 
C ( l 7 ' ) 2 8 7 9 ( 8 ) 5 1 6 0 ( 6 ) 3 9 8 0 ( 4 ) 6 0 ( 2 ) C(18') 3 2 9 8 ( 8 ) 4 4 4 0 ( 5 ) 3 8 3 3 ( 4 ) 5 2 ( 2 ) 
C(19 , ) 2 5 9 9 ( 7 ) 3 6 8 8 ( 5 ) 3 7 6 6 ( 4 ) 4 2 ( 2 ) P(2.) 6 7 6 4 ( 2 ) 2 8 6 9 ( 1 ) 3 8 2 9 ( 1 ) 3 7 ( 1 ) 
N(3 , ) 6 7 2 3 ( 5 ) 1637 (4 ) 2 7 7 0 ( 3 ) 50 (2 ) C(20') 7 1 7 7 ( 8 ) 1 1 0 4 ( 6 ) 2 3 7 2 ( 5 ) 6 4 ( 3 ) 
C ( 2 l . ) 8 2 6 4 ( 8 ) 1043 (6 ) 2 4 6 5 ( 5 ) 6 6 ( 3 ) C(22,) 8 8 6 5 ( 8 ) 1 5 8 3 ( 7 ) 2 9 8 1 ( 5 ) 7 0 ( 3 ) 
N(4 . ) 8 4 4 3 ( 6 ) 2 1 2 2 ( 5 ) 3 3 7 6 ( 4 ) 6 6 ( 2 ) C(23') 7 3 7 2 ( 6 ) 2 1 1 8 ( 5 ) 3 2 6 4 ( 4 ) 4 2 ( 2 ) 
C(24') 8 0 0 7 ( 7 ) 3 9 4 8 ( 6 ) 3 2 0 6 ( 4 ) 56 (2 ) C(25') 8 6 1 5 ( 8 ) 4 7 0 6 ( 7 ) 3 1 6 4 ( 5 ) 6 6 ( 3 ) 
C(26') 8 8 2 7 ( 8 ) 5 3 5 9 ( 6 ) 3 6 8 2 ( 5 ) 6 8 ( 3 ) C(27,) 8 4 2 6 ( 8 ) 5 2 5 4 ( 6 ) 4 2 3 8 ( 5 ) 6 5 ( 3 ) 
C(28") 7 8 2 0 ( 7 ) 4 5 1 0 ( 5 ) 4 2 8 4 ( 4 ) 52 (2 ) C(29') 7 6 1 7 ( 6 ) 3 8 4 4 ( 5 ) 3 7 6 8 ( 4 ) 4 1 ( 2 ) 
C(30') 8 4 4 3 ( 7 ) 2 8 7 4 ( 5 ) 4 7 3 4 ( 4 ) 51 (2 ) C(31') 8 8 5 5 ( 9 ) 2 7 5 4 ( 6 ) 5 2 9 4 ( 5 ) 6 6 ( 3 ) 
C(32') 8 1 2 3 ( 1 0 ) 2 5 2 5 ( 7 ) 5 7 1 7 ( 5 ) 7 6 ( 3 ) C(33.) 7 0 1 7 ( 1 0 ) 2 4 0 8 ( 7 ) 5 5 7 1 ( 5 ) 7 7 ( 3 ) 
C(34') 6 5 8 3 ( 8 ) 2 5 0 5 ( 5 ) 5 0 0 6 ( 4 ) 52 (2 ) C(35') 7 2 9 4 ( 7 ) 2 7 4 4 ( 5 ) 4 5 8 2 ( 4 ) 4 1 ( 2 ) 
C ( 3 6 ) 2 8 0 4 ( 1 1 ) 2 4 9 ( 9 ) 5 7 4 6 ( 6 ) 2 4 1 ( 2 4 ) Cl(3) 3 4 5 3 ( 7 ) - 7 7 ( 5 ) 6 3 1 3 ( 4 ) 5 4 ( 2 ) 
C l (4 ) 3 8 3 1 ( 8 ) 6 6 1 ( 6 ) 5 3 2 8 ( 5 ) 6 9 ( 3 ) Cl(5) 1 9 5 1 ( 1 0 ) - 5 8 0 ( 7 ) 5 2 4 8 ( 6 ) 8 9 ( 3 ) 
CL3. 4 2 2 3 ( 1 2 ) 5 2 2 ( 1 6 ) 5 8 1 7 ( 1 2 ) 3 3 ( 6 ) CL4' 2 3 0 9 ( 2 6 ) - 3 6 7 ( 2 2 ) 5 0 1 0 ( 1 0 ) 6 7 ( 1 1 ) 
CL5' 2 4 9 0 ( 3 6 ) - 3 4 7 ( 3 1 ) 6 2 8 4 ( 1 9 ) 187(35) 0 ( 4 ) 8 7 8 8 ( 1 4 ) 3 1 0 4 ( 1 1 ) 1 6 5 9 ( 8 ) 1 9 9 ( 6 ) 
C ( 3 7 ) 9 1 9 3 ( 2 2 ) 3 5 8 3 ( 1 7 ) 1214 (13 ) 2 2 4 ( 1 1 ) C ( 3 8 ) 9 2 5 7 ( 1 8 ) 3 0 1 2 ( 1 4 ) 5 9 7 ( 1 0 ) 1 7 7 ( 8 ) 
C ( 3 9 ) 8 8 6 5 ( 1 9 ) 2 2 3 2 ( 1 4 ) 6 9 6 ( 1 1 ) 188(9) C ( 4 0 ) 8 2 6 9 ( 1 8 ) 2 3 6 9 ( 1 3 ) 1 2 7 8 ( 1 0 ) 1 7 1 ( 8 ) 
0 ( 5 ) 6 0 1 5 ( 1 7 ) 6 1 0 3 ( 1 3 ) 3 7 3 5 ( 1 0 ) 2 5 4 ( 8 ) C ( 4 1 ) 6 5 8 7 ( 2 1 ) 6 1 8 0 ( 1 6 ) 3 1 6 0 ( 1 2 ) 2 0 7 ( 1 0 ) 
C ( 4 2 ) 6 4 2 0 ( 1 9 ) 6 8 7 3 ( 1 5 ) 2 9 8 8 ( 1 1 ) 184(9) C ( 4 3 ) 5 8 5 9 ( 2 1 ) 7 3 2 7 ( 1 6 ) 3 4 3 0 ( 1 3 ) 2 1 0 ( 1 0 ) 
C ( 4 4 ) 5 6 2 0 ( 1 7 ) 6 9 4 4 ( 1 3 ) 3 9 0 9 ( 1 0 ) 167(8) 0 ( 6 ) 7 3 9 3 ( 1 7 ) 9 6 4 5 ( 1 6 ) 9 4 1 ( 1 1 ) 1 5 5 ( 8 ) 
C ( 4 5 ) 6 3 9 9 ( 2 2 ) 9 7 3 4 ( 2 2 ) 6 2 1 ( 1 3 ) 139(12) C ( 4 6 ) 6 7 0 7 ( 2 5 ) 9 6 5 8 ( 2 4 ) - 5 6 ( 1 4 ) 1 5 4 ( 1 3 ) 
C ( 4 7 ) 7 9 8 0 ( 2 6 ) 9 8 0 2 ( 2 6 ) 15(13) 167(15) C(48) 8 4 2 8 ( 1 7 ) 9 7 7 6 ( 1 5 ) 6 7 8 ( 1 0 ) 8 5 ( 7 ) 
Atoms C(36 ) -C l (5 , ) represent a two-fold disordered CHCIi molecule and C(36) has a site occupancy 0P/2; each C1 has a occupancy 
0fi/4; Atoms 0 ( 6 ) - C ( 4 8 ) belong to a two-fold disordered lh fmolecu le and each has a site occupancy 0f'/2. 
Complex 2 .3 .8 
C d ( l ) 5 0 0 3 5 0 2 ( 1 ) 2 5 0 4 9 ( 1 ) B r ( l ) 5 7 3 4 ( 1 ) 4 2 4 8 ( 1 ) 1 7 1 8 ( 1 ) 7 6 ( 1 ) 
F e ( l ) 5 0 0 2 1 0 4 ( 1 ) 2 5 0 4 4 ( 1 ) C(1) 5 2 7 7 ( 3 ) 2 3 6 4 ( 4 ) 8 4 6 ( 1 0 ) 5 8 ( 3 ) 
0(1) 5 4 5 0 ( 3 ) 2 4 8 3 ( 3 ) - 2 5 0 ( 7 ) 73 (2 ) C(2) 5 0 0 0 1217 (7 ) 2 5 0 0 6 8 ( 4 ) 
0 ( 2 ) 5 0 0 0 6 2 0 ( 5 ) 2 5 0 0 138(7) P(1) 4 2 0 3 ( 1 ) 2 1 5 0 ( 1 ) 8 3 9 ( 2 ) 4 9 ( 1 ) 
N ( 1 ) 4 4 3 4 ( 3 ) 3 3 9 4 ( 3 ) - 1 5 3 ( 6 ) 5 0 ( 2 ) C(3) 4 4 0 0 ( 4 ) 3 8 9 7 ( 4 ) - 1 2 3 7 ( 1 0 ) 6 2 ( 3 ) 
C ( 4 ) 4 0 7 8 ( 4 ) 3 8 5 3 ( 5 ) - 2 6 8 9 ( 9 ) 6 6 ( 3 ) C(5) 3 7 7 4 ( 4 ) 3 2 8 9 ( 5 ) - 2 9 9 8 ( 9 ) 7 2 ( 3 ) 
N ( 2 ) 3 7 8 3 ( 3 ) 2 7 8 4 ( 3 ) - 1 9 6 5 ( 8 ) 6 0 ( 2 ) C(6) 4 1 2 8 ( 3 ) 2 8 6 4 ( 4 ) - 5 7 5 ( 9 ) 5 1 ( 2 ) 
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Atomic Coordinates (x 10^) and equivalent isotropic thermal parameters 
Ueq (A^  X 10 ” {continued) 
C ( 7 ) 3 2 6 4 ( 4 ) 2 7 1 6 ( 7 ) 1 4 1 8 ( 1 2 ) 8 8 ( 5 ) C(8) 2 8 1 4 ( 5 ) 2 7 1 6 ( 9 ) 2 1 1 4 ( 1 7 ) 120 (7 ) 
C(9) 2778(5) 2260(11) 3216(17) 139(9) C(10) 3156(5) 1760(10) 3630(14) 129(8) 
C(11) 3571(4) 1750(6) 2941(11) 86(4) C(12) 3627(3) 2226(5) 1776(9) 59(3) 
C(13) 3567(4) 1104(5) -679(11) 73(3) C(14) 3443(5) 567(6) -1752(15) 99(5) 
C ( 1 5 ) 3 7 6 5 ( 6 ) 4 0 4 ( 5 ) - 2 6 6 2 ( 1 5 ) 105(5) C(16) 4 2 3 0 ( 6 ) 7 4 7 ( 6 ) - 2 5 8 7 ( 1 6 ) 114(6 ) 
C(17) 4367(4) 1285(7) -1506(14) 94(5) C(18) 4025(3) 1451(4) -555(9) 56(3) 
C(19) 1839(5) 148(7) 202(18) 122(6) CI(1) 2266(2) 785(3) 1006(7) 172(3) 
Cl(2) 2 1 8 1 ( 2 ) - 5 5 8 ( 3 ) 158(10) 2 5 9 ( 4 ) 
Complex 2.3.9 
Cd(l) 5363(1) 2719(1) 3681(1) 39(1) I(1) 3932(1) 2508(1) 4479(1) 61(1) 
I(2) 7188(1) 3030(1) 4552(1) 70(1) Fe(l) 4942(1) 2623(1) 2256(1) 30(1) 
C(1) 3953(8) 1987(9) 2533(6) 45(4) 0(1) 3340(7) 1549(7) 2675(5) 61(3) 
C(2) 6104(9) 3276(8) 2 5 3 0 ( 5 ) 4 3 ( 4 ) 0 ( 2 ) 6786(6) 3 7 1 0 ( 7 ) 2 6 4 9 ( 5 ) 6 4 ( 4 ) 
8 C ( 3 ) 4 7 3 0 ( 8 ) 2 6 0 8 ( 7 ) 1332(6) 4 0 ( 4 ) 0 ( 3 ) 4 6 2 2 ( 8 ) 2 5 7 6 ( 7 ) 7 4 0 ( 4 ) 6 8 ( 4 ) 
P(1) 4 0 7 4 ( 2 ) 3 9 7 3 ( 2 ) 2 1 8 3 ( 1 ) 33 (1 ) N(1) 4 9 0 3 ( 7 ) 4 4 4 9 ( 6 ) 3 5 l 8 ( 4 ) 4 3 ( 3 ) 
C(4) 5 0 0 0 ( 1 1 ) 5 0 5 4 ( 1 0 ) 4 0 9 0 ( 6 ) 6 5 ( 5 ) C(5) 4 4 0 6 ( 1 1 ) 5 8 2 2 ( 1 0 ) 4 0 9 1 ( 6 ) 6 3 ( 5 ) 
C(6 ) 3 6 9 9 ( 8 ) 5 9 9 7 ( 9 ) 3 5 0 3 ( 7 ) 54 (5 ) N ( 2 ) 3 6 2 6 ( 8 ) 5 4 5 3 ( 7 ) 2 9 4 7 ( 5 ) 5 7 ( 4 ) 
C(7 ) 4 2 1 9 ( 8 ) 4 7 1 4 ( 8 ) 2 9 9 2 ( 5 ) 4 2 ( 4 ) C(8) 2 2 0 6 ( 1 0 ) 3 7 3 9 ( 1 0 ) 2 4 8 6 ( 7 ) 6 5 ( 5 ) 
C(9) 1 2 0 1 ( 1 0 ) 3 5 8 4 ( 1 1 ) 2 3 0 9 ( 9 ) 73 (6 ) C(10) 7 1 4 ( 1 0 ) 3 4 8 0 ( 1 0 ) 1 6 3 0 ( 1 0 ) 7 6 ( 7 ) 
C ( 1 1 ) 1 2 3 8 ( 1 1 ) 3 4 7 7 ( 1 2 ) 1121(9) 85 (6 ) C(12) 2 2 7 1 ( 9 ) 3 6 6 5 ( 9 ) 1273(7 ) 5 5 ( 4 ) 
C ( 1 3 ) 2 7 1 8 ( 7 ) 3 8 0 4 ( 7 ) 1971(6) 3 8 ( 3 ) C(14) 3 6 3 2 ( 8 ) 5 6 3 0 ( 9 ) 1365(8 ) 5 7 ( 5 ) 
C ( 1 5 ) 3 8 5 3 ( 1 0 ) 6 3 0 2 ( 1 0 ) 9 1 4 ( 7 ) 6 2 ( 5 ) C(16) 4 6 5 6 ( 1 4 ) 6 2 6 8 ( 1 0 ) 6 5 0 ( 7 ) 7 8 ( 7 ) 
C ( l 7 ) 5 3 3 8 ( 1 0 ) 5 5 2 1 ( 9 ) 846 (7 ) 58 (5 ) C(18) 5 1 6 5 ( 8 ) 4 8 7 5 ( 9 ) 1289 (5 ) 4 6 ( 4 ) 
C ( 1 9 ) 4 2 9 4 ( 8 ) 4 8 7 7 ( 8 ) 1565(5) 4 1 ( 4 ) P(2) 5 7 5 9 ( 2 ) 1244(2) 2 2 6 8 ( 1 ) 3 5 ( 1 ) 
N ( 3 ) 5 7 7 2 ( 8 ) 9 3 9 ( 7 ) 3 6 4 0 ( 5 ) 50(4) C(20) 5 9 5 9 ( 1 6 ) 4 5 4 ( 1 1 ) 4 2 3 1 ( 7 ) 105 (9 ) 
C ( 2 1 ) 6 5 6 8 ( 1 4 ) - 3 3 3 ( 1 0 ) 4 3 1 5 ( 8 ) 86(7) C(22) 6 8 8 0 ( 1 0 ) - 6 4 6 ( 1 0 ) 3 7 1 9 ( 9 ) 7 6 ( 6 ) 
N ( 4 ) 6 6 1 6 ( 8 ) -196 (8 ) 3 1 2 0 ( 6 ) 6 0 ( 4 ) C(23) 6 0 7 9 ( 7 ) 572 (8 ) 3 1 1 3 ( 6 ) 4 3 ( 4 ) 
C ( 2 4 ) 7 7 8 0 ( 7 ) 1599(10) 2 6 0 2 ( 8 ) 61 (5 ) C(25) 8 6 9 0 ( 1 0 ) 1737 (11 ) 2 4 3 5 ( 1 0 ) 7 6 ( 7 ) 
I C ( 2 6 ) 8 8 1 9 ( 1 2 ) 1740(11) 1771(11) 91 (8 ) C(27) 8 0 0 1 ( 1 3 ) 1530 (11 ) 1 2 5 0 ( 1 0 ) 8 9 ( 8 ) 
C(28) 7102(10) 1380(10) 1390(8) 65(5) C(29) 6984(8) 1374(8) 2079(6) 45(4) 
C(30) 4158(9) 371(9) 1349(6) 54(4) C(31) 3 7 3 0 ( 9 ) -288(10) 859(7) 60(5) 
C(32) 4254(10) -1072(9) 723(7) 64(5) C(33) 5267(11) -1155(10) 1061(9) 81(7) 
|i C ( 3 4 ) 5 6 9 9 ( 9 ) -454 (9 ) 1529(7) 60 (5 ) C(35) 5156 (7 ) 3 2 2 ( 7 ) 1668(6) 3 6 ( 3 ) 
\ ] i 
Complex2.3.10 
C d ( l ) 4 1 8 1 ( 1 ) 1965(1) 7 4 9 5 ( 1 ) 39 (1 ) N(5 ) 5 4 3 7 ( 5 ) 2 6 6 6 ( 5 ) 6 6 7 3 ( 3 ) 7 0 ( 2 ) 
C ( 3 6 ) 5 5 0 4 ( 5 ) 2 8 5 1 ( 4 ) 6 1 3 4 ( 3 ) 54(2) S(1) 5623 (2 ) 3 1 4 0 ( 2 ) 5 3 8 2 ( 1 ) 7 9 ( 1 ) 
N ( 6 ) 5 6 5 2 ( 5 ) 1824(4) 8 2 7 0 ( 3 ) 64 (2 ) C(37) 6 0 4 3 ( 5 ) 1170(5) 8 4 9 6 ( 3 ) 5 1 ( 2 ) 
S (2 ) 6 6 2 6 ( 2 ) 2 7 4 ( 2 ) 8833 (1 ) 94(1) Fe ( l ) 1304(1) 1470(1) 7 4 8 5 ( 1 ) 2 8 ( 1 ) 
C(1) 1697(4) 1379(4) 6 6 3 1 ( 2 ) 38(2) 0 ( 1 ) 1862(4) 1303(3) 6 0 8 0 ( 2 ) 5 6 ( 1 ) 
C(2) 1924(4) 1781(4) 8350 (2 ) 38(2) 0 ( 2 ) 2 2 9 2 ( 4 ) 2 0 1 0 ( 3 ) 8 9 0 1 ( 2 ) 5 8 ( 2 ) 
C(3) -604 (4 ) 1144(4) 7 4 0 9 ( 2 ) 37(2) 0 ( 3 ) - 1 8 1 7 ( 4 ) 9 3 0 ( 4 ) 7 3 3 4 ( 2 ) 6 8 ( 2 ) 
P(1) 1774(1) 3 4 6 2 ( 1 ) 7 5 6 0 ( 1 ) 29(1) N(1 ) 4 6 2 1 ( 4 ) 4 0 2 6 ( 3 ) 8 0 0 4 ( 2 ) 4 2 ( 1 ) 
C(4) 5 9 8 4 ( 5 ) 4 8 0 0 ( 5 ) 8257 (3 ) 56(2) C(5) 6 3 6 0 ( 5 ) 6 0 1 9 ( 5 ) 8 3 5 1 ( 3 ) 6 0 ( 2 ) 
C(6) 5 3 1 2 ( 5 ) 6 4 5 6 ( 4 ) 8163 (3 ) 38(2) N(2) 3 9 7 7 ( 4 ) 5707 (3 ) 7 9 1 4 ( 2 ) 4 8 ( 2 ) 
C(7) 3 6 7 2 ( 4 ) 4 5 1 6 ( 3 ) 7 8 6 1 ( 2 ) 32(1) C(8) 2 6 8 3 ( 5 ) 4 2 1 6 ( 4 ) 6 3 6 6 ( 2 ) 4 3 ( 2 ) 
C(9) 2 5 2 9 ( 6 ) 4 5 2 8 ( 5 ) 5762 (3 ) 60 (2 ) C(10) 1243(8) 4 6 0 0 ( 7 ) 5 5 5 1 ( 3 ) 8 7 ( 4 ) 
C(11) 109(7) 4 3 3 2 ( 8 ) 5957 (3 ) 90 (4 ) C(12) 247(5 ) 4 0 1 0 ( 5 ) 6 5 7 4 ( 3 ) 5 8 ( 2 ) 
C(13) 1561(4) 3 9 6 4 ( 4 ) 6 7 8 6 ( 2 ) 36 (1 ) C(14) 820(5 ) 5 2 5 9 ( 4 ) 8 1 3 2 ( 2 ) 4 4 ( 2 ) 
•1 C ( 1 5 ) 126(5) 5 7 4 5 ( 4 ) 8606 (3 ) 52(2) C(16) -601(5 ) 5 0 9 5 ( 4 ) 9 0 7 9 ( 2 ) 5 0 ( 2 ) 
i C(17) -692 (5 ) 3 9 1 6 ( 5 ) 9 0 6 7 ( 2 ) 51(2) C(18) -22(4) 3 4 0 2 ( 4 ) 8 5 9 8 ( 2 ) 4 1 ( 2 ) 
\ C(19) 7 6 5 ( 4 ) 4 0 7 7 ( 4 ) 8139 (2 ) 34(1) P(2) 946 (1 ) -494(1 ) 7 4 7 3 ( 1 ) 3 1 ( 1 ) 
] N ( 3 ) 3 6 5 3 ( 4 ) -129(3 ) 7 0 6 6 ( 2 ) 43 (1 ) C(20) 4 6 9 2 ( 5 ) -514 (5 ) 6 8 3 2 ( 3 ) 6 5 ( 2 ) 
i C(21) 4 4 7 3 ( 6 ) - 1 7 1 1 ( 5 ) 6 7 3 6 ( 3 ) 71(3) C(22) 3 1 7 1 ( 6 ) - 2 5 2 4 ( 5 ) 6 8 8 9 ( 3 ) 6 7 ( 3 ) 
] N ( 4 ) 2 1 3 7 ( 4 ) - 2 1 6 l ( 3 ) 7121 (2 ) 54(2) C(23) 2 4 2 1 ( 4 ) -981(4 ) 7 1 8 2 ( 2 ) 3 8 ( 2 ) 
i C(24) - 1 1 7 8 ( 5 ) -1391(4 ) 6 4 1 3 ( 2 ) 48(2) C(25) -2291(5 ) - 2 2 8 9 ( 5 ) 5 9 8 8 ( 3 ) 6 1 ( 2 ) 
\ C(26) - 2 8 6 8 ( 6 ) -3456(5 ) 6 1 2 3 ( 3 ) 64 (2 ) C(27) -2340(6 ) - 3 7 3 1 ( 5 ) 6 6 8 7 ( 3 ) 6 8 ( 2 ) 
C(28) - 1 2 0 8 ( 5 ) -2846(4 ) 7 0 9 9 ( 3 ) 51(2) C(29) -629(4) - 1 6 5 6 ( 4 ) 6 9 7 0 ( 2 ) 3 7 ( 1 ) 
C(30) -471(5 ) -1048(4 ) 8603(2 ) 44 (2 ) C(31) -534(6) - 1 2 3 1 ( 5 ) 9 2 5 7 ( 3 ) 58 (2 ) 
I C(32) 6 2 9 ( 7 ) -1232(5 ) 9 6 1 9 ( 3 ) 63(2) C(33) 1919(7) - 1 0 5 4 ( 5 ) 9 3 2 3 ( 3 ) 6 1 ( 2 ) 
I C(34) 2007 (5 ) -892(4) 8671(2 ) 47(2) C(35) 819(4) -889(3 ) 8 3 0 5 ( 2 ) 3 7 ( 1 ) 
I C(38) 7 0 2 0 ( 1 0 ) 6 5 5 ( 1 0 ) 4879 (4 ) 213(11) C1(1) 8492(3 ) 1698(3) 4 5 1 9 ( 1 ) 146(2) 
i Cl(2) 7 5 3 3 ( 5 ) 677(4 ) 5695(2) 196(3) C(39) 5403(9 ) 3 2 9 2 ( 6 ) -158 (4 ) 113(5) 
^ Cl(3) 6641(2) 4595(2) 333(1) 113(1) Cl(4) 4777(3) 2026(2) 238(1) 119(1) 
1^ 
;.1 ^ :j 
; i 'j 
^ 
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Atomic Coordinates (x 10^) and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) {corUitmed) 
Complex 2.3.11 
Cd(l) 744(7) 29177(7) -36620(6) 432(4) N(5) 125(8) 2715(9) -4960(7) 57(5) 
C(37) 80(10) 2446(11) -5484(10) 55(6) C(38) 55(15) 2078(13) -6191(12) 120(13) 
0(1W) 101(7) 4691(6) -3823(7) 77(5) Fe(l) -19(1) 1446(1) -2290(1) 35(1) 
C(1) 60(9) 824(9) -3112(8) 42(5) 0(1) 108(7) 392(7) -3624(6) 64(4) 
C(2) -102(10) 2713(10) -1958(8) 52(6) 0(2) -168(7) 3469(8) -1735(7) 81(5) 
C(3) -96(9) 385(11) -1368(9) 53(6) 0(3) -75(8) -268(8) -807(6) 73(5) 
P(1) -1988(2) 丨沾8(2) -1944(2) 38(1) N(1) -1948(7) 3064(7) -3432(6) 43(4) 
C(4) -2502(10) 3703(9) -3971(8) 51(6) C(5) -3653(11) 3806(10) -3865(9) 60(6) 
C(6) -4270(11) 3220(13) -3152(10) 77(8) N(2) -3818(8) 2569(10) -2557(7) 69(5) 
C(7) -2638(8) 2528(9) -2752(8) 43(5) C(8) -2594(10) 1778(10) -293(8) 54(6) 
C(9) -3054(13) 2249(13) 378(9) 75(8) C(10) -3575(13) 3288(14) 279(11) 80(8) 
C(11) -3608(14) 3893(13) -490(11) 91(9) C(12) -3168(13) 3420(11) -1157(10) 80(8) 
C(13) -2663(8) 2325(9) -1069(8) 44(5) C(14) -2108(9) -498(9) -1827(8) 48(5) 
C(15) -2685(13) -1416(10) -1617(9) 66(7) C(16) -3861(13) -1373(12) -1221(9) 7 0 ^ 
C(17) -4490(11) -407(11) -1029(9) 69(7) C(18) -3921(9) 493(10) -1237(8) 54(6) 
C(19) -2695(8) 461(9) -1667(8) 42(5) P(2) 1956(2) 1285(2) -2600(2) 36(1) 
N(3) 2166(8) 2585(7) -4129(6) 44(4) C(20) 2744(10) 3072(9) -4895(8) 52(6) 
C(21) 3957(10) 2982(10) -5131(8) 53(6) C(22) 4498(10) 2422(11) -4570(9) 57(6) 
N(4) 3902(8) 1923(8) -3808(7) 55(5) C(23) 2750(8) 2023(8) -3633(7) 36(4) 
C(24) 2481(12) 1181(11) -1132(9) 64(7) C(25) 2743(11) 1564(12) -579(9) 65(7) 
C(26) 2948(14) 2565(14) -756(10) 81(9) C(27) 2924(12) 3255(11) -1497(10) 71(8) 
C(28) 2650(9) 2876(10) -2084(9) 52(6) C(29) 2448(9) 1796(9) -1894(8) 44(5) 
C(30) 2182(10) -919(9) -2596(8) 53(6) C(31) 2819(13) -1957(10) -2634(9) 69(7) 
C(32) 3954(11) -2119(10) -2660(9) 64(7) C(33) 4526(10) -1299(10) -2626(8) 61(6) 
C(34) 3922(10) -286(10) -2602(8) 55(6) C(35) 2756(8) -75(8) -2599(7) 38(4) 
C1(1) 2728(3) 3769(3) -7225(3) 73(2) 0(4) 3328(18) 4402(15) -6961(13) 121(9) 
0(5) 2737(9) 2713(6) -6724(6) 103(4) 0(6) 3381(14) 3673(13) -8051(6) 66(5) 
0(7) 1582(11) 4288(17) -7192(16) 155(12) 0(4') 3752(15) 3890(18) -7893(11) 143(12) 
0(6') 1734(17) 3881(19) -7542(16) 175(14) 0(7.) 2412(20) 4550(13) -6730(11) 114(8) 
Cl(2) -2824(3) 4381(3) 3729(2) 63(2) 0(8) -1613(9) 4527(18) 3336(14) 144(10) 
0(9) -3427(20) 5212(13) 4167(12) 137(10) 0(10) -3373(16) 4478(14) 3095(9) 89(6) 
0(11) -2929(10) 3346(6) 4236(6) 119(4) 0(8') -2133(20) 4329(17) 2915(7) 139(10) 
0(9') - 3 9 5 9 ( 1 2 ) 4 9 5 5 ( 1 8 ) 3 7 6 5 ( 1 9 ) 219(17) 0(10') -2270(17) 4 9 5 8 ( 1 4 ) 4075(12) 103(7) 
C(36) 3252(25) 243(17) 4388(16) 187(19) Cl(3) 3224(7) -117(6) 5289(4) 158(4) 
Cl(4) 2637(8) -548(7) 3951(6) 207(6) C(39) 125(29) 4152(25) 1303(18) 91(17) 
Cl(5) -95(10) 3008(9) 1224(10) 164(9) Cl(6) 1330(12) 4666(12) 522(12) 193(11) 
The perchlorate anions exhibit two-fold orienlational disorder about one of the CI -0 bonds. Atoms 0 ( 4 ) - 0 ( 7 ' ) and 0 ( 8 ) - 0 ( 1 0 ' ) each 
has a site occupancy of '/i. 
Complex2.3.14 
Hg(l) 36435(3) 9345(4) 1436(3) 628(2) C1(1) 2742(2) 217(3) 1577(2) 87(1) 
Cl(2) 5767(2) 1081(2) 717(2) 61(1) P(1) 3127(2) 2394(2) -1087Q) 42(1) 
N(1) 3115(9) 3956(8) 433(7) 75(4) C(1) 3232(11) 5059(12) 830(9) 87(5) 
C(2) 3510(10) 6009(10) 267(10) 79(5) C(3) 3704(12) 5832(10) -710(11) 84(5) 
N(2) 3627(8) 4759(8) -1135(7) 75(3) C(4) 3326(7) 3856(7) -548(6) 43(3) 
C(5) 1164(8) 1214(9) -1408(9) 70(4) C(6) 47(10) 1085(12) -1612(12) 99(6) 
C(7) -577(10) 2070(14) -1859(9) 87(5) C(8) -95(9) 3155(14) -1855(9) 88(5) 
C(9) 1036(8) 3284(10) -1610(7) 64(4) C(10) 1635(7) 2290(8) -1388(6) 49(3) 
C(11) 3399(9) 2839(12) - 3 1 0 0 ( 7 ) 70(4) C(12) 3992(10) 2825(13) -3964(8) 86(5) 
C(13) 5050(10) 2341(14) -3939(9) 94(6) C(14) 5523(10) 1869(13) -3095(10) 96(6) 
C(15) 4933(9) 1864(10) -2231(8) 65(4) C(16) 3874(7) 2342(7) -2236(6) 45(3) 
Complex 2,3.15 
Rh(l) 0 2924(1) 2500 45(1) CI(1) 1735(6) 2756(4) 3112(3) 60(1) 
C(20) 1289(9) 2853(12) 2960(8) 41(4) 0(1) 2116(11) 2866(12) 3277(8) 91(6) 
P(1) -1002(2) 2898(1) 3539(1) 41(1) N(1) 198(6) 3754(5) 4530(3) 62(3) 
C(1) 870(8) 3795(7) 5073(5) 67(4) C(2) 1158(9) 3043(8) 5442(5) 73(4) 
C(3) 758(10) 2252(8) 5233(5) 85(5) N(2) 55(7) 2165(5) 4672(4) 68(3) 
C(4) -159(6) 2925(6) 4355(4) 42(3) C(5) -1212(10) 1046(7) 3469(5) 82(5) 
C(6) -1707(16) 217(8) 3467(7) 112(7) C(7) -2779(18) 170(10) 3650(6) 119(8) 
C(8) -3374(14) 899(13) 3772(8) 150(9) C(9) -2817(11) 1761(8) 3768(6) 101(5) 
C(10) - 1 7 6 3 ( 8 ) 1825(6) 3605 (4 ) 48(3) C(11) - 2042(8 ) 4 5 2 2 ( 6 ) 3 2 2 8 ( 5 ) 6 6 ( 4 ) 
C(12) -2729(11) 5264(7) 3377(6) 102(6) C(13) -3375(10) 5257(9) 4005(7) 95(5) 
C(14) -3296(9) 4595(8) 4471(6) 80(5) C(15) -2581(8) 3884(7) 4338(4) 61(3) 
C(16) -1966(6) 3814(5) 3708(4) 43(3) C(17) 4585(42) 2655(15) 2854(13) 115(18) 
Cl(2) 5000 1622(13) 2500 270(9) Cl(3) 4801(18) 3464(12) 2217(9) 163(7) 
Atoms C(17)-Cl(3) represent a two-fold disordered CH2Cl2 molecule and each has a site occupancy 0f'/2. 
Atoms CI(1), C(20) and 0 ( 1) represent a two-fold disordered chlorine and carbonyl ligand and each has a site occupancy o f '/2. 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^ X 10 3) {coritinned) 
Complex 2 . 3 . 1 6 
P d ( l ) 6 7 9 5 ( 1 ) 5 6 7 0 ( 1 ) 2 4 7 ( 1 ) 3 3 ( 1 ) Pd(2) 6 6 7 2 ( 1 ) 5 6 5 3 ( 1 ) 1335 (1 ) 3 4 ( 1 ) 
CI(1) 7 0 7 3 ( 2 ) 5 7 4 3 ( 1 ) - 7 5 2 ( 1 ) 4 9 ( 1 ) Cl (2) 6 5 4 7 ( 2 ) 5 3 9 6 ( 1 ) 2 3 3 2 ( 1 ) 5 5 ( 1 ) 
P(1) 7 5 2 2 ( 2 ) 7 3 3 8 ( 1 ) 4 3 0 ( 1 ) 3 7 ( 1 ) N ( 1 ) 6 5 0 7 ( 5 ) 7 4 3 0 ( 4 ) 1425 (2 ) 3 6 ( 2 ) 
C ( 1 ) 6 8 7 2 ( 6 ) 8 1 0 4 ( 5 ) 1015(3 ) 3 9 ( 2 ) N ( 2 ) 6 8 1 6 ( 6 ) 9 2 2 9 ( 4 ) 1 0 0 9 ( 2 ) 5 8 ( 3 ) 
C ( 2 ) 6 3 2 5 ( 8 ) 9 7 0 0 ( 6 ) 1457 (3 ) 7 3 ( 4 ) C(3) 5 9 2 5 ( 7 ) 9 0 9 2 ( 5 ) 1898 (3 ) 6 2 ( 3 ) 
C(4 ) 6 0 3 4 ( 6 ) 7 9 2 8 ( 5 ) 1869(3 ) 5 1 ( 3 ) C(5) 9 4 0 7 ( 7 ) 7 6 6 2 ( 6 ) 1097 (3 ) 5 0 ( 3 ) 
C ( 6 ) 1 0 5 0 2 ( 7 ) 7 4 9 1 ( 7 ) 1208 (3 ) 5 9 ( 3 ) C(7) 1 1 1 2 1 ( 7 ) 6 8 5 6 ( 6 ) 8 5 0 ( 4 ) 6 8 ( 4 ) 
C(8 ) 1 0 6 8 3 ( 8 ) 6 4 1 7 ( 6 ) 3 6 8 ( 4 ) 6 9 ( 4 ) C(9) 9 5 9 8 ( 7 ) 6 5 7 2 ( 6 ) 2 5 0 ( 3 ) 5 9 ( 3 ) 
C ( 1 0 ) 8 9 4 6 ( 6 ) 7 1 9 7 ( 5 ) 6 2 5 ( 3 ) 3 7 ( 2 ) C(11) 6 7 5 5 ( 7 ) 8 4 9 9 ( 5 ) - 5 0 4 ( 3 ) 4 8 ( 3 ) 
C ( 1 2 ) 6 7 5 4 ( 8 ) 9 3 6 2 ( 6 ) - 9 0 0 ( 3 ) 6 6 ( 4 ) C(13) 7 5 6 2 ( 9 ) 1 0 1 7 4 ( 6 ) - 8 8 5 ( 3 ) 7 1 ( 4 ) 
C ( 1 4 ) 8 3 5 7 ( 8 ) 1 0 1 1 8 ( 6 ) - 4 8 5 ( 4 ) 7 3 ( 4 ) C(15) 8 3 6 1 ( 6 ) 9 2 6 3 ( 5 ) - 9 4 ( 3 ) 5 7 ( 3 ) 
C ( 1 6 ) 7 5 4 8 ( 6 ) 8 4 3 9 ( 5 ) - 1 1 0 ( 3 ) 4 1 ( 3 ) P(2) 6 9 2 6 ( 2 ) 3 8 1 8 ( 1 ) 1 2 3 0 ( 1 ) 3 5 ( 1 ) 
N ( 3 ) 6 2 5 2 ( 5 ) 3 9 5 0 ( 4 ) 161(2) 3 6 ( 2 ) C(17) 6 4 8 2 ( 6 ) 3 2 1 6 ( 5 ) 5 6 1 ( 3 ) 3 7 ( 2 ) 
N ( 4 ) 6 3 8 9 ( 5 ) 2 0 9 4 ( 4 ) 5 2 7 ( 2 ) 52(3) C(18) 6 0 5 2 ( 7 ) 1688(5 ) 4 4 ( 3 ) 5 9 ( 3 ) 
C ( 1 9 ) 5 7 4 5 ( 6 ) 2 3 7 4 ( 5 ) - 3 9 1 ( 3 ) 4 8 ( 3 ) C(20) 5 8 5 9 ( 6 ) 3 5 2 9 ( 5 ) - 3 2 1 ( 3 ) 4 6 ( 3 ) 
C ( 2 1 ) 9 1 2 4 ( 7 ) 4 1 5 1 ( 6 ) 1344(3 ) 52 (3 ) C(22) 1 0 1 8 9 ( 8 ) 3 8 3 5 ( 7 ) 1389 (4 ) 7 4 ( 4 ) 
C ( 2 3 ) 1 0 4 7 7 ( 8 ) 2 7 1 4 ( 8 ) 1366(4) 84 (4 ) C(24) 9 6 9 0 ( 9 ) 1887(7 ) 1311 (4 ) 9 0 ( 5 ) 
C ( 2 5 ) 8 6 1 6 ( 8 ) 2 2 0 8 ( 6 ) 1259(3) 6 8 ( 4 ) C(26) 8 3 1 6 ( 6 ) 3 3 4 6 ( 5 ) 1286 (3 ) 4 4 ( 3 ) 
C ( 2 7 ) 4 9 9 2 ( 7 ) 2 9 4 8 ( 5 ) 1621(3) 4 8 ( 3 ) C(28) 4 3 2 0 ( 7 ) 2 3 4 5 ( 6 ) 1 9 8 2 ( 3 ) 6 1 ( 3 ) 
C ( 2 9 ) 4 7 6 5 ( 8 ) 1761(6) 2 4 2 8 ( 3 ) 59 (3 ) C(30) 5 8 6 5 ( 7 ) 1793(5 ) 2 5 1 5 ( 3 ) 5 2 ( 3 ) 
C ( 3 1 ) 6 5 4 3 ( 6 ) 2 4 0 4 ( 5 ) 2 1 6 0 ( 3 ) 40 (3 ) C(32) 6 1 0 5 ( 6 ) 2 9 7 0 ( 4 ) 1710(2) 3 2 ( 2 ) 
C ( 3 3 ) 1396(9 ) 10437(7 ) 2 8 8 4 ( 4 ) 9 8 ( 5 ) Cl(3) 1661(3) 1 1 8 8 3 ( 2 ) 2 9 8 4 ( 1 ) 122(2 ) 
Cl (4) 2 1 9 8 ( 4 ) 9 8 4 3 ( 3 ) 2 3 9 6 ( 2 ) 199(2) 
Complex 2 .3 .17 
P d ( l ) 1028(1) 6 4 9 9 ( 1 ) 1626(1) 36 (1 ) C l ( l ) 2 8 4 9 ( 2 ) 5 7 6 6 ( 1 ) 1976 (2 ) 6 1 ( 1 ) 
Cl (2 ) 2 0 7 4 ( 2 ) 7 3 1 7 ( 1 ) 9 7 2 ( 2 ) 50(1) P(I) - 673 (2 ) 7 2 3 8 ( 1 ) 1105(1) 3 9 ( 1 ) 
N ( 1 ) - 8 4 7 ( 8 ) 6 6 9 8 ( 4 ) -409(5 ) 55(3) C ( l ) - 9 4 6 ( 1 0 ) 6 7 3 0 ( 7 ) - 1 2 4 5 ( 7 ) 7 0 ( 5 ) 
C(2 ) - 1 0 2 9 ( 1 1 ) 7 3 7 2 ( 8 ) - 1 6 4 0 ( 7 ) 75 (5 ) C(3) - 1 0 1 9 ( 1 1 ) 7 9 8 7 ( 7 ) - 1 2 0 2 ( 8 ) 7 8 ( 5 ) 
N ( 2 ) - 9 0 5 ( 8 ) 7 9 7 6 ( 5 ) - 3 6 I ( 3 ) 6 3 ( 4 ) C(4) -829 (8 ) 7 3 2 9 ( 5 ) -30 (5 ) 4 1 ( 3 ) 
C(5) - 2 9 2 5 ( 9 ) 6 4 2 9 ( 5 ) 559(7 ) 60 (4 ) C(6) - 4 1 4 4 ( 1 0 ) 6 2 2 9 ( 7 ) 5 5 9 ( 8 ) 8 4 ( 5 ) 
C(7 ) - 4 7 4 8 ( 1 1 ) 6 6 1 4 ( 9 ) 1036(9) 93 (7 ) C(8) - 4 1 6 3 ( 1 2 ) 7 1 5 3 ( 8 ) 1541(9) 89 (6 ) 
C(9) - 2 9 6 4 ( 1 0 ) 7 3 3 0 ( 6 ) 1553(7) 66 (5 ) C(10) - 2 2 9 7 ( 8 ) 6 9 9 8 ( 5 ) 1070(6) 4 7 ( 3 ) 
C ( 1 1 ) 5 0 5 ( 1 0 ) 8 2 2 3 ( 6 ) 2 3 2 4 ( 7 ) 60 (4 ) C(12) 6 2 2 ( 1 0 ) 8 8 9 7 ( 7 ) 2 7 4 3 ( 8 ) 7 6 ( 5 ) 
C ( 1 3 ) - 1 9 2 ( 1 2 ) 9 4 3 6 ( 7 ) 2 4 1 4 ( 9 ) 83(6) C(14) - 1 1 1 1 ( 1 3 ) 9 3 5 6 ( 6 ) 1685(9) 7 9 ( 6 ) 
C ( 1 5 ) - 1 2 6 7 ( 1 1 ) 8 6 7 8 ( 5 ) 1259(7) 64 (4 ) C(16) -468 (9 ) 8 1 1 7 ( 5 ) 1570(6) 4 6 ( 4 ) 
P(2) 107(2) 5 7 4 1 ( 1 ) 2 3 4 3 ( 1 ) 40 (1 ) N ( 3 ) 2 0 7 5 ( 8 ) 5 5 9 9 ( 4 ) 3 7 6 8 ( 5 ) 6 1 ( 3 ) 
C ( 1 7 ) 3 0 0 0 ( 1 2 ) 5 2 2 0 ( 7 ) 4 2 9 7 ( 7 ) 79(5) C(18) 3 1 6 7 ( 1 2 ) 4 4 9 9 ( 7 ) 4 2 1 8 ( 8 ) 8 1 ( 5 ) 
C ( 1 9 ) 2 3 5 1 ( 1 1 ) 4 1 6 0 ( 6 ) 3 5 5 8 ( 8 ) 75(5) N ( 4 ) 1408(9) 4 5 1 2 ( 5 ) 2 9 8 8 ( 5 ) 6 7 ( 4 ) 
C ( 2 0 ) 1329(9) 5 2 2 6 ( 4 ) 3 1 4 4 ( 5 ) 44 (3 ) C(21) - 1 4 8 0 ( 1 0 ) 4 5 2 6 ( 5 ) 2 0 4 0 ( 7 ) 6 1 ( 4 ) 
C ( 2 2 ) - 2 2 1 3 ( 1 1 ) 4 0 0 0 ( 6 ) 1532(7) 72 (5 ) C(23) - 2 3 0 0 ( 1 0 ) 3 9 6 8 ( 6 ) 7 1 3 ( 7 ) 7 0 ( 5 ) 
C ( 2 4 ) - 1 7 0 8 ( 1 0 ) 4 4 6 9 ( 6 ) 375 (7 ) 68 (5 ) C(25) -998(9 ) 5 0 1 8 ( 5 ) 849 (6 ) 5 5 ( 4 ) 
C ( 2 6 ) -875 (8 ) 5044 (5 ) 1706(5) 43 (3 ) C(27) - 2 0 5 4 ( 1 1 ) 6 0 2 7 ( 5 ) 2 9 0 7 ( 7 ) 6 6 ( 5 ) 
C ( 2 8 ) - 2 7 0 3 ( 1 4 ) 6 3 6 7 ( 6 ) 3 3 7 4 ( 9 ) 91(7) C(29) - 2 0 2 5 ( 1 7 ) 6 8 6 7 ( 8 ) 3 9 7 4 ( 9 ) 107(8) 
C ( 3 0 ) - 7 8 2 ( 1 6 ) 7 0 6 5 ( 6 ) 4 0 3 9 ( 9 ) 98 (7 ) C(31) - 1 6 1 ( 1 2 ) 6 7 1 4 ( 5 ) 3 5 2 8 ( 7 ) 6 9 ( 5 ) 
C ( 3 2 ) -769 (9 ) 6 1 7 7 ( 5 ) 2 9 7 7 ( 5 ) 4 8 ( 4 ) C(33) 5 6 6 8 ( 2 2 ) 2 4 7 ( 8 ) 3 0 1 ( 1 6 ) 138 (13 ) 
Cl(3) 4 5 6 6 ( 9 ) 6 3 2 ( 4 ) -504(5) 128(3) 
Atoms C(33)-Cl(3) represent a two-fold disordered CH^ChmoIecule and each has a site occupancy of Vz. 
Complex 2 .3 .18 
F e ( l ) 2 9 2 4 ( 1 ) 4 3 7 2 ( 1 ) 598(1) 4 2 ( 1 ) S ( 1 ) 5539 (3 ) 7 6 1 5 ( 2 ) 1063(1) 82 (1 ) 
S(2) 1949(3) 5511(2 ) -1287(1 ) 81(1) P(1) 2 5 6 9 ( 2 ) 4 6 5 1 ( 2 ) 1785(1) 3 9 ( 1 ) 
P(2) 2 5 3 2 ( 2 ) 1532(2) 485(1 ) 41(1) 0 ( 1 ) 3 1 8 2 ( 5 ) 3 9 5 9 ( 4 ) 1452(2) 4 6 ( 2 ) 
0 ( 2 ) 1922(5) 2711 (4 ) 489(2 ) 46 (2 ) N(1) 967 (7 ) 6 3 4 4 ( 6 ) 1517(3) 5 8 ( 4 ) 
C(1) 2 6 5 ( 1 0 ) 6 9 9 1 ( 8 ) 1142(4) 78(5) C(2) 204(8 ) 6 8 9 2 ( 8 ) 6 0 6 ( 4 ) 6 2 ( 5 ) 
C(3) 893 (8 ) 6 1 0 4 ( 7 ) 437 (3 ) 56(4) N(2) 1614(5) 5448 (5 ) 8 0 0 ( 2 ) 3 8 ( 3 ) 
C(4) 1584(7) 5603(6 ) 1319(3) 39(3) N(3 ) 4 5 7 6 ( 7 ) 9 9 0 ( 6 ) 4 2 6 ( 3 ) 52 (3 ) 
C(5) 5 5 7 0 ( 9 ) n 0 4 ( 8 ) 406(3 ) 61(4) C(6) 5917(8 ) 2 4 9 4 ( 8 ) 4 4 1 ( 3 ) 58 (4 ) 
C(7) 5180 (9 ) 3 3 3 9 ( 7 ) 502(3) 50(4) N(4 ) 4 1 8 7 ( 6 ) 3 0 6 1 ( 5 ) 529 (3 ) 3 8 ( 3 ) 
C(8) 3 9 2 7 ( 8 ) 1887(6) 480(3 ) 41(4) N(5) 4001 (7 ) 5811(6 ) 774 (3 ) 6 0 ( 4 ) 
C(9) 4 6 6 2 ( 8 ) 6560 (7 ) 899(3) 50(4) N(6) 2 4 3 0 ( 7 ) 4 7 2 7 ( 6 ) -225 (3 ) 6 5 ( 4 ) 
C(10) 2 2 2 6 ( 8 ) 5052(7 ) -665(4) 49(4) C(11) 2377 (9 ) 3 0 9 1 ( 7 ) 2 5 8 9 ( 3 ) 58 (4 ) 
C ( 1 2 ) 1831(11) 2276 (8 ) 2853(4 ) 7 I ( 5 ) C(13) 734 (11 ) 2 1 4 8 ( 9 ) 2 6 8 4 ( 4 ) 7 5 ( 6 ) 
C(14) 186(9) 2817 (8 ) 2256(4 ) 68(5) C(15) 719(9 ) 3 5 8 6 ( 7 ) 1981(4) 56 (4 ) 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^ X 10 3) {coritinned) 
C ( 1 6 ) 1 8 1 1 ( 8 ) 3 7 3 7 ( 7 ) 2 1 3 9 ( 3 ) 4 4 ( 4 ) C ( 1 7 ) 2 9 7 5 ( 9 ) 6 1 9 7 ( 7 ) 2 6 6 1 ( 3 ) 6 3 ( 5 ) 
C ( 1 8 ) 3 6 3 7 ( 1 4 ) 6 9 3 2 ( 1 0 ) 3 0 3 4 ( 4 ) 9 9 ( 8 ) C ( 1 9 ) 4 6 7 9 ( 1 5 ) 7 0 6 9 ( 1 2 ) 3 0 2 6 ( 5 ) 118 (9 ) 
C ( 2 0 ) 5 1 3 5 ( 1 0 ) 6 4 7 0 ( 1 1 ) 2 6 5 4 ( 5 ) 9 9 ( 6 ) C ( 2 1 ) 4 4 8 0 ( 1 0 ) 5 7 5 0 ( 9 ) 2 2 6 8 ( 4 ) 7 3 ( 5 ) 
C ( 2 2 ) 3 4 1 9 ( 8 ) 5 6 1 2 ( 7 ) 2 2 8 1 ( 3 ) 4 6 ( 4 ) C ( 2 3 ) 1798(9 ) 8 2 9 ( 7 ) 1 3 6 1 ( 4 ) 6 5 ( 5 ) 
C ( 2 4 ) 1 7 1 5 ( 1 0 ) 8 3 ( 8 ) 1794(4 ) 9 0 ( 6 ) C(25) 2 3 7 1 ( 1 1 ) - 8 8 5 ( 9 ) 1908 (4 ) 8 5 ( 6 ) 
C ( 2 6 ) 3 1 1 3 ( 1 1 ) - 1 1 1 6 ( 9 ) 1616(5 ) 9 2 ( 6 ) C(27) 3 2 0 5 ( 8 ) - 4 0 1 ( 8 ) 1179 (4 ) 6 9 ( 5 ) 
C ( 2 8 ) 2 5 2 3 ( 8 ) 5 8 8 ( 7 ) 1054 (3 ) 4 5 ( 4 ) C(29) 1531(9) - 4 5 7 ( 8 ) - 1 0 3 ( 3 ) 7 6 ( 5 ) 
C ( 3 0 ) 1 1 6 6 ( 1 0 ) - 1 1 0 8 ( 9 ) - 5 7 9 ( 5 ) 9 8 ( 6 ) C ( 3 1 ) 1313(9 ) - 6 7 9 ( 1 0 ) - 1 0 4 8 ( 4 ) 8 4 ( 5 ) 
C ( 3 2 ) 1815 (9 ) 4 0 2 ( 9 ) - 1 0 8 0 ( 4 ) 6 7 ( 5 ) C ( 3 3 ) 2 1 7 6 ( 8 ) 1067(7 ) - 6 0 7 ( 4 ) 5 3 ( 4 ) 
C ( 3 4 ) 2 0 4 5 ( 7 ) 6 2 9 ( 7 ) - 1 2 1 ( 3 ) 4 4 ( 3 ) 
Complex 4.1 .1 
P(1) 1473(2 ) 5 1 1 ( 1 ) 2 4 3 8 ( 1 ) 4 0 ( 1 ) C(1) 4 1 0 1 ( 7 ) 9 7 2 ( 5 ) 1876 (4 ) 6 4 ( 3 ) 
C(2 ) 5 5 5 4 ( 8 ) 1331(5 ) 1973(5) 7 9 ( 3 ) C(3) 6 2 5 5 ( 8 ) 1570(5 ) 2 7 2 7 ( 6 ) 8 1 ( 4 ) 
C(4 ) 5 5 8 8 ( 8 ) 1465 (5 ) 3 4 1 4 ( 5 ) 81 (3 ) C(5) 4 1 3 4 ( 7 ) 1111(5 ) 3 3 3 1 ( 4 ) 7 1 ( 3 ) 
C(6 ) 3 3 8 6 ( 6 ) 8 5 5 ( 4 ) 2 5 5 2 ( 4 ) 4 8 ( 2 ) C(7) 2 2 2 2 ( 7 ) - 1 0 6 1 ( 5 ) 3 5 4 9 ( 4 ) 5 9 ( 2 ) 
C ( 8 ) 2 0 2 3 ( 8 ) - 1 7 4 1 ( 5 ) 4 1 6 9 ( 4 ) 7 0 ( 3 ) C(9) 7 5 0 ( 9 ) - 1 6 7 2 ( 5 ) 4 5 1 5 ( 4 ) 7 0 ( 3 ) 
C ( 1 0 ) - 3 1 3 ( 8 ) - 9 3 1 ( 5 ) 4 2 5 3 ( 4 ) 6 4 ( 3 ) C(11) - 1 0 4 ( 6 ) - 2 4 3 ( 4 ) 3 6 3 6 ( 3 ) 5 0 ( 2 ) 
C ( 1 2 ) 1175(6 ) - 3 0 2 ( 4 ) 3 2 8 4 ( 3 ) 4 1 ( 2 ) C(13) 4 7 0 ( 6 ) 2 2 7 1 ( 4 ) 3 1 5 1 ( 4 ) 5 0 ( 2 ) 
C ( 1 4 ) - 2 3 7 ( 7 ) 3 2 1 6 ( 5 ) 3 1 4 4 ( 4 ) 6 0 ( 3 ) C(15) - 9 9 3 ( 7 ) 3 5 9 6 ( 5 ) 2 4 1 8 ( 5 ) 6 5 ( 3 ) 
C ( 1 6 ) - 1 0 1 0 ( 6 ) 3 0 4 7 ( 5 ) 1691(4) 59(3) C(17) - 2 8 3 ( 6 ) 2 0 9 8 ( 4 ) 1 7 0 3 ( 4 ) 5 1 ( 2 ) 
C ( 1 8 ) 4 4 7 ( 5 ) 丨 6 卯 ( 4 ) 2 4 4 1 ( 3 ) 3 8 ( 2 ) C ( 1 9 ) 9 1 7 ( 6 ) - 1 8 9 ( 4 ) 1 4 9 4 ( 3 ) 4 9 ( 2 ) 
C ( 2 0 ) - 7 1 9 ( 6 ) - 5 2 4 ( 4 ) 1383(3) 54(2) C(21) - 1 2 7 7 ( 9 ) - 9 8 2 ( 5 ) 5 2 4 ( 4 ) 6 5 ( 3 ) 
0 ( 1 ) - 2 6 0 3 ( 6 ) - 8 3 9 ( 5 ) 2 6 0 ( 3 ) 116(3) 0 ( 2 ) - 3 9 8 ( 6 ) - 1 4 4 3 ( 3 ) 165(3) 8 5 ( 2 ) 
0 ( 1 W ) - 4 1 7 8 ( 1 1 ) 7 9 0 ( 8 ) 127(6) 2 5 2 ( 6 ) 0 ( 2 W ) - 2 3 6 4 ( 7 ) 2 1 7 5 ( 7 ) - 1 7 1 ( 3 ) 2 0 1 ( 5 ) 
Complex 4 .1 .2 
P(1) 2 2 2 2 4 ( 7 ) 3 2 1 0 6 ( 6 ) 3 7 8 9 0 ( 6 ) 4 1 2 ( 3 ) C(1) -223 (4 ) 1894(4 ) 3 9 2 3 ( 4 ) 7 6 ( 2 ) 
C(2 ) - 1 5 9 1 ( 5 ) 1267(4) 4 5 1 4 ( 5 ) 89(2) C(3) - 2 3 0 5 ( 4 ) 1123(4) 5 7 0 8 ( 5 ) 8 3 ( 2 ) 
C(4 ) - 1 6 5 7 ( 5 ) 1585(5) 6 3 3 3 ( 5 ) 110(3) C(5) -271 (4 ) 2 2 2 0 ( 4 ) 5 7 5 1 ( 4 ) 8 5 ( 2 ) 
C(6 ) 4 3 1 ( 3 ) 2 3 9 0 ( 2 ) 4 5 4 3 ( 3 ) 49 (1 ) C(7) 2 8 8 0 ( 3 ) 4 4 5 4 ( 3 ) 5 1 2 0 ( 3 ) 5 3 ( 1 ) 
C(8 ) 3 3 3 4 ( 3 ) 4 4 9 0 ( 4 ) 6 1 1 4 ( 3 ) 66 (2 ) C(9) 3 8 4 1 ( 4 ) 3 4 4 2 ( 4 ) 6 9 2 5 ( 3 ) 7 2 ( 2 ) 
C ( 1 0 ) 3 9 4 1 ( 4 ) 2 3 6 7 ( 4 ) 6 7 4 9 ( 3 ) 76 (2 ) C(1 1) 3 4 8 9 ( 4 ) 2 3 0 8 ( 3 ) 5 7 8 0 ( 3 ) 6 3 ( 1 ) 
C ( 1 2 ) 2 9 4 8 ( 3 ) 3 3 5 1 ( 3 ) 4 9 6 2 ( 3 ) 4 5 ( I ) C(13) 3 2 8 8 ( 3 ) 5 4 6 8 ( 3 ) 1886(3) 5 2 ( 1 ) 
C ( 1 4 ) 3 1 5 5 ( 4 ) 6 6 9 0 ( 3 ) 1140(3) 59(1) C(15) 1758(4) 7 1 8 6 ( 3 ) 1189(3 ) 6 0 ( 1 ) 
C ( 1 6 ) 4 9 7 ( 4 ) 6 4 5 4 ( 3 ) 1966(3) 62 (1 ) C(17) 6 1 0 ( 3 ) 5 2 2 9 ( 3 ) 2 7 2 7 ( 3 ) 5 3 ( 1 ) 
C ( 1 8 ) 2 0 2 3 ( 3 ) 4 7 3 1 ( 2 ) 2 6 9 4 ( 2 ) 43 (1 ) C(19) 3 4 3 2 ( 3 ) 2 2 8 1 ( 3 ) 3 1 0 0 ( 3 ) 5 2 ( 1 ) 
C ( 2 0 ) 5 0 5 9 ( 3 ) 2 6 8 6 ( 3 ) 2 5 4 9 ( 3 ) 6 1 ( 1 ) C(21) 6 0 2 9 ( 3 ) 1621(3) 2 5 0 2 ( 3 ) 4 9 ( 1 ) 
0 ( 1 ) 5 6 0 5 ( 3 ) 5 6 l ( 2 ) 3 0 8 5 ( 3 ) 83(1) 0 ( 2 ) 7 3 7 6 ( 3 ) 1976(2) 1797(2) 7 0 ( 1 ) 
0 ( 4 ) 6 8 7 2 ( 3 ) - 4 4 7 9 ( 2 ) 830(3 ) 90 (1 ) C(23) 8 1 2 6 ( 3 ) - 4 2 0 7 ( 3 ) 166(3) 5 1 ( 1 ) 
0 ( 3 ) 8 5 8 0 ( 2 ) - 3 0 9 5 ( 2 ) -674(2) 66 (1 ) C(22) 9 2 9 1 ( 3 ) - 5 1 4 1 ( 3 ) 2 7 2 ( 3 ) 5 0 ( 1 ) 
C ( 2 4 ) 5 6 2 7 ( 3 ) -41(2) 160(3) 45(1) C(25) 6 8 9 3 ( 3 ) -796 (2 ) -176 (3 ) 4 5 ( 1 ) 
0 ( 5 ) 8 0 8 9 ( 2 ) -676 (2 ) 47 (3 ) 67 (1 ) 0 ( 6 ) 6 6 5 7 ( 2 ) - 1 5 0 0 ( 2 ) - 6 6 6 ( 2 ) 6 2 ( 1 ) 
0 ( 1 W ) 9 0 4 2 ( 2 ) 2 3 3 ( 2 ) 1527(2) 66(1) 
Complex 4 .1 .3 
P(1) 7 5 ( 1 ) 1479(1) 4 4 3 6 ( 1 ) 3 4 ( 1 ) C(1) -822(5 ) 3 1 0 4 ( 4 ) 3 9 7 2 ( 4 ) 6 9 ( 3 ) 
C(2 ) - 1 7 5 7 ( 5 ) 3 5 3 7 ( 5 ) 3 7 2 8 ( 4 ) 85(3) C(3) -2953(5 ) 3 0 3 1 ( 4 ) 3 7 9 9 ( 3 ) 6 4 ( 2 ) 
C(4 ) - 3 2 4 0 ( 4 ) 2 0 8 1 ( 4 ) 4 1 1 8 ( 4 ) 63(2) C(5) - 2 3 1 8 ( 4 ) 1635(4) 4 3 6 5 ( 3 ) 52 (2 ) 
C(6 ) - 1 1 0 4 ( 3 ) 2 1 2 7 ( 3 ) 4 2 7 3 ( 3 ) 39 (2 ) C(7) 1649(4) 3 1 3 5 ( 4 ) 6 2 7 8 ( 3 ) 5 1 ( 2 ) 
C(8) 2 8 1 3 ( 5 ) 4 0 3 9 ( 4 ) 6 9 4 8 ( 3 ) 64 (2 ) C(9) 3 8 6 9 ( 5 ) 4 4 1 5 ( 4 ) 6 6 3 0 ( 4 ) 7 0 ( 2 ) 
C ( 1 0 ) 3 8 0 0 ( 4 ) 3 9 0 2 ( 4 ) 5654(4 ) 65 (2 ) C(11) 2 6 5 8 ( 4 ) 3 0 0 1 ( 4 ) 4 9 6 8 ( 3 ) 5 0 ( 2 ) 
C ( 1 2 ) 1583(3) 2 6 1 6 ( 3 ) 5288(3 ) 37(2) C(13) -484(3 ) 3 0 8 ( 3 ) 4 9 2 9 ( 3 ) 3 5 ( 2 ) 
C(14) 2 2 9 ( 4 ) 841(3 ) 3223 (3 ) 41 (2 ) C(15) -1048(4 ) -125(3 ) 2 4 8 5 ( 3 ) 4 9 ( 2 ) 
C ( 1 6 ) - 1 1 8 0 ( 4 ) -252(4 ) 1400(3) 46 (2 ) 0 ( 1 ) -345(3 ) 4 9 5 ( 3 ) 1222(2) 6 8 ( 2 ) 
0 ( 2 ) - 2 1 7 3 ( 3 ) -1095(3 ) 763(2 ) 69(2) P(2) 697 (1 ) 6 5 6 5 ( 1 ) - 4 7 8 ( 1 ) 3 8 ( 1 ) 
C(17) 3 1 4 6 ( 4 ) 6 6 6 0 ( 4 ) -589(4) 67(2) C(18) 4 2 8 4 ( 5 ) 7 1 6 1 ( 5 ) - 7 7 2 ( 4 ) 8 8 ( 3 ) 
C ( 1 9 ) 4 5 6 2 ( 5 ) 8 2 1 1 ( 5 ) -975(4 ) 82(3) C(20) 3 7 2 1 ( 5 ) 8751 (5 ) - 9 8 3 ( 5 ) 9 0 ( 3 ) 
C ( 2 1 ) 2 5 7 0 ( 5 ) 8267(4 ) -809(4) 71(3) C(22) 2254(4 ) 7202 (3 ) -613 (3 ) 4 3 ( 2 ) 
C(23) -452(4 ) 4 9 7 5 ( 3 ) -2429(3 ) 49 (2 ) C(24) -1329(4 ) 4 5 0 3 ( 4 ) - 3 3 7 2 ( 3 ) 6 0 ( 2 ) 
C ( 2 5 ) - 2 2 2 7 ( 4 ) 4 9 7 8 ( 4 ) -3583(3 ) 64 (2 ) C(26) -2290(4 ) 5 9 1 1 ( 4 ) - 2 8 5 8 ( 3 ) 58 (2 ) 
C ( 2 7 ) - 1 4 1 9 ( 4 ) 6389 (4 ) -1908(3 ) 51(2) C(28) -492(3) 5936 (3 ) - 1 6 8 4 ( 3 ) 3 8 ( 2 ) 
C(29) 6 8 7 ( 4 ) 5370(3 ) -9(3) 43 (2 ) C(30) 372(4 ) 7 7 2 5 ( 3 ) 3 4 2 ( 3 ) 4 7 ( 2 ) 
C ( 3 1 ) l l 9 9 ( 4 ) 8 2 3 9 ( 4 ) 1 4 3 4 ( 3 ) 53(2) C(32) 530(4) 7 7 9 5 ( 4 ) 2 1 4 8 ( 3 ) 4 6 ( 2 ) 
0 ( 3 ) 1132(3) 8340 (3 ) 3062 (2 ) 68(2) 0 ( 4 ) -554(3) 6 9 3 3 ( 3 ) 1 7 7 9 ( 2 ) 57 (1 ) 
0 ( 5 ) 3 7 6 7 ( 5 ) 11174(4) 6166 (4 ) 144(3) C(33) 4 7 5 9 ( 6 ) 11650(5) 6 8 4 8 ( 5 ) 9 3 ( 3 ) 
214 
Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) {coritinned) 
C ( 3 4 ) 4 8 5 0 ( 7 ) 1 1 3 4 7 ( 8 ) 7 7 5 4 ( 5 ) 146(5) C ( 3 5 ) 5 9 0 6 ( 7 ) 1 2 4 4 9 ( 7 ) 6 8 0 0 ( 6 ) 138 (6 ) 
0 ( 1 W ) 2 1 5 8 ( 3 ) 1085 (3 ) 1116 (2 ) 7 5 ( 2 ) 0 ( 2 W ) 3 7 8 9 ( 3 ) 2 1 5 5 ( 3 ) 3 0 6 4 ( 3 ) 8 5 ( 2 ) 
0 ( 3 W ) - 4 3 2 4 ( 5 ) 4 6 4 6 ( 5 ) - 1 0 7 4 ( 4 ) 152(3) 0 ( 4 W ) 3 4 2 0 ( 4 ) 1 0 3 3 5 ( 4 ) 3 9 4 7 ( 3 ) 107(2 ) 
0 ( 5 W ) - 3 0 7 7 ( 3 ) 6 6 4 2 ( 3 ) 8 1 1 ( 3 ) 102(2) 
Complex 4 .1 .4 
P(1) 2 8 6 0 ( 1 ) 7 0 0 6 ( 1 ) 1693(1 ) 4 5 ( 1 ) C(1 ) 3 5 3 3 ( 6 ) 7 6 1 7 ( 1 ) 1049 (7 ) 6 5 ( 3 ) 
C ( 2 ) 4 3 2 9 ( 7 ) 7 9 0 5 ( 1 ) 1252(7 ) 7 8 ( 3 ) C(3) 5 4 4 8 ( 7 ) 7 9 5 1 ( 1 ) 2 3 9 2 ( 7 ) 7 5 ( 3 ) 
C ( 4 ) 5 7 8 7 ( 7 ) 7 7 1 9 ( 1 ) 3 2 9 5 ( 7 ) 7 8 ( 3 ) C(5) 5 0 1 3 ( 6 ) 7 4 3 0 ( 1 ) 3 0 6 4 ( 6 ) 5 9 ( 2 ) 
C ( 6 ) 3 8 8 2 ( 5 ) 7 3 8 0 ( 1 ) 1920(6 ) 52 (2 ) C(7) 1390(6) 6 7 7 1 ( 1 ) 3 2 4 6 ( 6 ) 7 1 ( 3 ) 
C(8 ) 3 3 7 ( 7 ) 6 7 9 7 ( 1 ) 3 8 4 1 ( 7 ) 7 4 ( 3 ) C(9) - 5 6 6 ( 7 ) 7 0 6 1 ( 2 ) 3 6 8 3 ( 7 ) 8 1 ( 4 ) 
C ( 1 0 ) - 4 2 6 ( 7 ) 7 3 1 1 ( 1 ) 2 9 7 3 ( 8 ) 86 (4 ) C(11) 6 1 7 ( 6 ) 7 2 9 2 ( 1 ) 2 3 7 8 ( 6 ) 6 4 ( 3 ) 
C ( 1 2 ) 1548(5 ) 7 0 2 0 ( 1 ) 2 5 0 4 ( 6 ) 50(2) C(13) 2 5 1 7 ( 6 ) 6 9 8 0 ( 1 ) - 8 0 6 ( 5 ) 5 5 ( 2 ) 
C ( 1 4 ) 1759 (7 ) 6 8 9 6 ( 1 ) - 2 0 1 8 ( 6 ) 6 5 ( 3 ) C(15) 3 3 6 ( 7 ) 6 7 7 3 ( 1 ) - 2 3 6 2 ( 7 ) 7 4 ( 3 ) 
C ( 1 6 ) - 3 5 2 ( 7 ) 6 7 3 1 ( 1 ) - 1 4 7 3 ( 6 ) 72 (3 ) C(17) 3 7 0 ( 5 ) 6 8 1 1 ( 1 ) - 2 3 8 ( 6 ) 5 4 ( 2 ) 
C ( 1 8 ) 1850 (5 ) 6 9 3 9 ( 1 ) 8 4 ( 5 ) 4 9 ( 2 ) C(19) 4 2 1 0 ( 5 ) 6 6 8 6 ( 1 ) 2 2 7 4 ( 5 ) 5 0 ( 2 ) 
C ( 2 0 ) 5 3 9 0 ( 5 ) 6 6 6 8 ( 1 ) 1646 (5 ) 57 (2 ) C(21) 6 4 8 3 ( 5 ) 6 3 9 4 ( 1 ) 2 0 8 6 ( 5 ) 5 5 ( 2 ) 
C ( 2 2 ) 7 6 0 6 ( 5 ) 6 3 7 2 ( 1 ) 1421(6 ) 5 4 ( 2 ) 0 ( 1 ) 8 4 8 0 ( 5 ) 6 1 1 2 ( 1 ) 1769 (4 ) 8 1 ( 2 ) 
0 ( 2 ) 7 7 1 4 ( 4 ) 6 5 5 9 ( 1 ) 6 8 9 ( 5 ) 7 9 ( 2 ) P(2) 1148(1 ) 4 4 3 5 ( 1 ) 3 6 6 2 ( 1 ) 4 5 ( 1 ) 
C ( 2 3 ) - 1 2 5 1 ( 5 ) 4 0 1 6 ( 1 ) 3 3 7 3 ( 6 ) 6 1 ( 2 ) C(24) - 2 3 8 5 ( 6 ) 3 8 7 7 ( 1 ) 3 7 0 3 ( 7 ) 6 6 ( 3 ) 
C ( 2 5 ) - 2 5 5 1 ( 6 ) 3 9 6 0 ( 1 ) 4 8 4 8 ( 7 ) 7 5 ( 3 ) C(26) - 1 5 6 1 ( 7 ) 4 1 7 6 ( 1 ) 5 6 2 0 ( 7 ) 7 5 ( 3 ) 
C ( 2 7 ) - 4 3 0 ( 6 ) 4 3 1 5 ( 1 ) 5 2 4 0 ( 6 ) 6 4 ( 3 ) C(28) -290 (5 ) 4 2 3 8 ( 1 ) 4 1 4 3 ( 5 ) 4 7 ( 2 ) 
C ( 2 9 ) - 1 2 3 3 ( 6 ) 4 7 7 0 ( 1 ) 2 0 2 1 ( 6 ) 6 3 ( 3 ) C(30) - 1 8 3 8 ( 8 ) 5 0 1 7 ( 2 ) 1198 (7 ) 8 9 ( 3 ) 
C ( 3 1 ) - 9 5 8 ( 9 ) 5 2 5 8 ( 1 ) 1034(7) 87(3) C(32) 6 0 7 ( 9 ) 5 2 5 1 ( 1 ) 1667(7 ) 9 4 ( 4 ) 
C ( 3 3 ) 1249 (7 ) 5 0 0 8 ( 1 ) 2 4 5 1 ( 6 ) 7 1 ( 3 ) C(34) 3 0 8 ( 5 ) 4 7 6 6 ( 1 ) 2 6 7 8 ( 5 ) 4 8 ( 2 ) 
C ( 3 5 ) 3 6 9 5 ( 6 ) 4 3 5 3 ( 1 ) 5 6 8 2 ( 6 ) 6 1 ( 2 ) C(36) 4 8 1 5 ( 8 ) 4 4 4 2 ( 2 ) 6 7 7 7 ( 8 ) 9 4 ( 4 ) 
C ( 3 7 ) 4 8 3 6 ( 9 ) 4 7 5 3 ( 2 ) 7 1 8 9 ( 8 ) 102(4) C(38) 3 7 8 3 ( 9 ) 4 9 7 2 ( 2 ) 6 5 1 0 ( 7 ) 8 8 ( 4 ) 
C ( 3 9 ) 2 6 7 2 ( 6 ) 4 8 8 5 ( 1 ) 5 4 3 1 ( 7 ) 75(3) C(40) 2 6 3 4 ( 5 ) 4 5 7 0 ( 1 ) 5 0 1 4 ( 5 ) 4 9 ( 2 ) 
C ( 4 1 ) 1880(5) 4 1 5 9 ( 1 ) 2 8 3 1 ( 5 ) 48 (2 ) C(42) 3 1 3 1 ( 5 ) 4 2 9 5 ( 1 ) 2 3 7 8 ( 5 ) 5 5 ( 2 ) 
C ( 4 3 ) 3 6 5 5 ( 5 ) 4 0 4 9 ( 1 ) 1656(5) 56(2) C(44) 4 8 2 9 ( 5 ) 4 1 7 6 ( 1 ) 1135(6) 6 3 ( 3 ) 
0 ( 3 ) 5 2 2 3 ( 5 ) 4 4 5 1 ( 1 ) 1196(5) 9 1 ( 2 ) 0 ( 4 ) 5 4 2 2 ( 5 ) 3 9 4 8 ( 1 ) 6 5 5 ( 4 ) 8 3 ( 2 ) 
N ( 1 ) 6 8 6 1 ( 5 ) 8 4 3 0 ( 1 ) 2 3 2 ( 5 ) 56(2) 0 ( 5 ) 7 9 6 7 ( 4 ) 8 5 8 8 ( 1 ) 2 2 6 ( 4 ) 7 3 ( 2 ) 
0 ( 6 ) 6 8 1 5 ( 5 ) 8 1 3 9 ( 1 ) 50(5) 90 (2 ) 0 ( 7 ) 5770 (4 ) 8 5 6 5 ( 1 ) 4 3 2 ( 5 ) 8 4 ( 2 ) 
N ( 2 ) - 1 4 6 4 ( 6 ) 4 0 1 0 ( 1 ) -525 (7 ) 61 (3 ) 0 ( 8 ) - 2 2 7 2 ( 1 7 ) 3 9 7 0 ( 3 ) - 1 5 4 4 ( 2 0 ) 105(8) 
0 ( 9 ) - 1 9 1 8 ( 1 5 ) 4 1 0 5 ( 3 ) 3 0 3 ( 1 6 ) 133(8) 0 ( 1 0 ) -39 (14 ) 4 0 1 5 ( 3 ) - 2 2 0 ( 1 6 ) 7 0 ( 6 ) 
0 ( 8 ' ) - 1 3 9 1 ( 2 1 ) 3 9 0 0 ( 3 ) - 1 5 8 3 ( 1 8 ) 111(9) 0(9") - 2 8 8 9 ( 2 2 ) 4 0 2 8 ( 4 ) - 6 6 5 ( 1 9 ) 159 (11 ) 
0 ( 1 0 ' ) - 3 9 8 ( 3 0 ) 4 0 6 9 ( 5 ) 2 4 6 ( 2 0 ) 183(14) 
Atoms 0 ( 8 ) - 0 ( 1 0 ) and O(8')-O(10') belong to a two-fold disordered NCV group and each has a site occupancy o f Vi. 
Complex 4.2.1 
C d ( l ) 1782(1) 826 (1 ) 5011 (1 ) 35 (1 ) P(1) 2 1 6 4 ( 2 ) - 3 5 3 5 ( 2 ) 2 4 9 7 ( 1 ) 4 2 ( 1 ) 
C(1 ) 2 0 5 8 ( 1 2 ) -4721(8 ) 3 5 5 7 ( 5 ) 72(5) C(2) 2 0 2 7 ( 1 4 ) - 5 6 6 1 ( 1 0 ) 3 7 9 5 ( 6 ) 9 2 ( 6 ) 
C(3) 2 0 1 3 ( 1 2 ) -6632(9 ) 3 3 2 6 ( 7 ) 83(6) C(4) 1970(11) - 6 6 8 7 ( 8 ) 2 6 2 0 ( 6 ) 7 2 ( 5 ) 
C(5 ) 2 0 1 2 ( 1 0 ) - 5 7 4 4 ( 8 ) 2 3 6 5 ( 5 ) 61 (4 ) C(6) 2 0 3 4 ( 9 ) - 4 7 6 2 ( 7 ) 2 8 2 8 ( 4 ) 4 8 ( 4 ) 
C(7) - 7 0 9 ( 1 0 ) - 4 8 6 8 ( 8 ) 1565(5) 64 (4 ) C(8) - 1 8 8 7 ( 1 2 ) - 5 1 2 3 ( 1 0 ) 9 6 6 ( 6 ) 8 1 ( 5 ) 
C(9 ) - 1 7 4 3 ( 1 3 ) - 4 4 0 5 ( 1 1 ) 526(5 ) 81(6) C(10) -460 (13 ) - 3 4 3 2 ( 1 0 ) 6 8 0 ( 5 ) 7 8 ( 6 ) 
C ( 1 1 ) 7 0 6 ( 1 1 ) - 3 1 6 9 ( 8 ) 1271(5) 65(5) C(12) 6 0 4 ( 9 ) - 3 8 9 6 ( 7 ) 1722(4) 4 6 ( 4 ) 
C ( 1 3 ) 4 0 6 1 ( 1 0 ) - 3 5 4 0 ( 8 ) 1490(4) 58(4) C(14) 5 4 7 7 ( 1 2 ) - 3 2 4 5 ( 9 ) 1272(5) 6 9 ( 5 ) 
C ( 1 5 ) 6 8 1 7 ( 1 2 ) - 2 4 9 8 ( 9 ) 1750(6) 71(5) C(16) 6 7 4 1 ( 1 0 ) - 2 0 3 1 ( 8 ) 2 4 5 5 ( 5 ) 6 2 ( 4 ) 
C ( 1 7 ) 5 3 2 8 ( 1 0 ) -2328(7 ) 2670 (4 ) 51(4) C(18) 3 9 8 6 ( 9 ) - 3 0 8 6 ( 6 ) 2 1 9 3 ( 4 ) 4 2 ( 3 ) 
C ( 1 9 ) 2 0 3 1 ( 9 ) - 2 4 0 7 ( 7 ) 3 1 9 0 ( 4 ) 50(4) C(20) 4 1 7 ( 1 0 ) - 2 6 4 1 ( 8 ) 3 3 7 8 ( 4 ) 6 0 ( 4 ) 
C ( 2 1 ) 2 6 8 ( 1 3 ) - 1 6 8 6 ( 9 ) 3 9 5 4 ( 5 ) 60 (5 ) 0 ( 1 ) 1404(9) -781 (6 ) 4 1 5 1 ( 3 ) 7 1 ( 3 ) 
0 ( 2 ) - 1 0 1 2 ( 8 ) -1909(6 ) 4 1 5 9 ( 3 ) 75(3) P(2) 4 3 4 4 ( 2 ) - 1 5 3 9 ( 2 ) 7 4 6 0 ( 1 ) 4 1 ( 1 ) 
C ( 2 2 ) 3 5 4 1 ( 1 1 ) - 3 5 7 2 ( 7 ) 6 4 1 7 ( 5 ) 64 (5 ) C(23) 3 3 2 1 ( 1 3 ) - 4 7 2 9 ( 9 ) 6 1 8 1 ( 5 ) 8 0 ( 5 ) 
C(24) 3 5 2 2 ( 1 2 ) -5326(8 ) 6 6 7 4 ( 6 ) 71(5) C(25) 3 9 2 1 ( 1 1 ) -4802(8 ) 7 4 0 1 ( 5 ) 6 5 ( 5 ) 
C ( 2 6 ) 4 1 3 0 ( 1 0 ) - 3 6 4 9 ( 7 ) 7648 (4 ) 53(4) C(27) 3 9 3 7 ( 8 ) - 3 0 2 7 ( 6 ) 7 1 4 8 ( 4 ) 4 0 ( 3 ) 
C ( 2 8 ) 2 2 0 6 ( 1 0 ) -2045(8 ) 8349(5 ) 60(4) C(29) 1567(12) - 1 7 7 7 ( 1 0 ) 8 9 6 0 ( 6 ) 7 9 ( 6 ) 
C(30) 2 1 9 5 ( 1 4 ) -721(12) 9427 (5 ) 83(6) C(31) 3 4 3 1 ( 1 2 ) 110(10) 9 3 0 8 ( 5 ) 7 5 ( 5 ) 
C(32) 4 0 7 6 ( 1 1 ) -142(8 ) 8708(5) 62(4) C(33) 3 4 7 7 ( 9 ) -1229(7 ) 8 2 3 3 ( 4 ) 4 3 ( 3 ) 
C(34) 7 1 7 9 ( 9 ) -739(7) 8448(4) 49(4) C(35) 8 8 0 9 ( 1 0 ) -290(8 ) 8 6 4 3 ( 5 ) 58 (4 ) 
C(36) 9 6 9 6 ( 1 0 ) 59(8) 8149(5) 61(4) C(37) 8943 (10 ) -47(7) 7 4 4 9 ( 5 ) 57(4) 
C ( 3 8 ) 7 3 4 7 ( 9 ) -474(7) 7250 (4 ) 48(4) C(39) 6 4 3 5 ( 9 ) -837(6 ) 7 7 4 1 ( 4 ) 4 1 ( 3 ) 
C(40) 3 6 0 6 ( 9 ) -994(7) 6758 (4 ) 47(4) C(41) 1833(9) -1435(8 ) 6 5 4 2 ( 4 ) 59 (4 ) 
C(42) 1183(13) -899(9) 6010 (4 ) 59(5) 0 ( 3 ) 2137 (8 ) -122(5 ) 5 8 3 2 ( 3 ) 7 3 ( 3 ) 
0 ( 4 ) - 2 8 I ( 8 ) -1301(6 ) 5783(3 ) 74(3) N(1) 4 9 4 7 ( 8 ) 2 0 3 3 ( 6 ) 5 0 2 9 ( 4 ) 52 (3 ) 
0 ( 5 ) 4 4 7 9 ( 8 ) 2 0 1 6 ( 8 ) 5585(4) 118(5) 0 ( 6 ) 3952 (8 ) 1598(8) 4 4 7 7 ( 3 ) 110(4) 
0 ( 7 ) 6 3 6 3 ( 7 ) 2468 (6 ) 5023(3) 72(3) N(2) 3 2 4 3 ( 1 7 ) 2 7 8 8 ( 1 1 ) 566 (5 ) 9 3 ( 7 ) 
0 ( 9 ) 1 9 7 0 ( 1 2 ) 2046 (12 ) 2 9 6 ( 7 ) 1 5 6 ( 8 ) 0 ( 8 ) 4 4 2 9 ( 1 1 ) 2 5 3 3 ( 7 ) 5 5 4 ( 4 ) 1 0 3 ( 5 ) 
O ( 1 0 ) 3 3 0 7 ( 1 9 ) 3 7 1 5 ( 1 1 ) 822(5) 229 (12 ) 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^ X 10 3) {coritinned) 
Complex 4 .2 .2 
C d ( l ) 1 7 7 8 ( 1 ) 8 0 9 ( 1 ) 5 0 0 0 ( 1 ) 3 0 ( 1 ) P(1) 2 0 6 8 ( 3 ) - 3 7 3 9 ( 2 ) 2 6 0 3 ( 1 ) 3 5 ( 1 ) 
C ( 1 ) 2 1 3 3 ( 1 5 ) - 4 8 0 1 ( 9 ) 3 6 3 2 ( 5 ) 6 4 ( 6 ) C(2) 2 1 3 7 ( 1 9 ) - 5 7 4 0 ( 1 2 ) 3 8 6 5 ( 7 ) 9 4 ( 8 ) 
C(3 ) 1 9 5 8 ( 1 6 ) - 6 7 6 1 ( 1 0 ) 3 4 1 7 ( 7 ) 7 3 ( 7 ) C(4) 1 7 8 4 ( 1 4 ) - 6 8 7 7 ( 8 ) 2 7 1 6 ( 7 ) 6 4 ( 6 ) 
C ( 5 ) 1 7 9 9 ( 1 4 ) - 5 9 7 9 ( 8 ) 2 4 5 8 ( 5 ) 58 (5 ) C(6) 1968 (11 ) - 4 9 1 4 ( 7 ) 2 9 3 2 ( 4 ) 3 7 ( 4 ) 
C ( 7 ) - 8 6 5 ( 1 5 ) - 5 0 9 2 ( 9 ) 1730(6 ) 6 3 ( 6 ) C(8 ) - 2 0 5 4 ( 1 6 ) - 5 3 9 2 ( 1 0 ) 1 1 3 4 ( 7 ) 7 6 ( 7 ) 
C ( 9 ) - 1 8 5 8 ( 2 0 ) - 4 7 7 2 ( 1 4 ) 6 7 0 ( 6 ) 8 9 ( 9 ) C(10) - 5 5 2 ( 1 7 ) - 3 8 1 7 ( 1 4 ) 7 9 3 ( 7 ) 8 0 ( 8 ) 
C ( 1 1 ) 6 3 2 ( 1 5 ) - 3 5 2 0 ( 1 0 ) 1393(6 ) 6 4 ( 6 ) C(12) 4 8 3 ( 1 2 ) - 4 1 5 2 ( 7 ) 1 8 5 0 ( 4 ) 3 7 ( 4 ) 
C ( 1 3 ) 3 9 9 6 ( 1 3 ) - 3 8 3 7 ( 8 ) 1644(4 ) 4 7 ( 5 ) C(14) 5 4 0 5 ( 1 4 ) - 3 5 6 1 ( 9 ) 1 4 4 7 ( 6 ) 5 4 ( 6 ) 
C ( 1 5 ) 6 7 1 7 ( 1 5 ) - 2 7 6 5 ( 9 ) 1900(6 ) 5 9 ( 6 ) C ( 1 6 ) 6 6 4 9 ( 1 4 ) - 2 2 3 0 ( 9 ) 2 5 7 1 ( 6 ) 5 6 ( 5 ) 
C ( 1 7 ) 5 2 5 9 ( 1 3 ) - 2 4 8 5 ( 8 ) 2 8 0 4 ( 5 ) 4 4 ( 5 ) C ( 1 8 ) 3 8 9 7 ( 1 1 ) - 3 3 1 4 ( 7 ) 2 3 2 1 ( 4 ) 3 4 ( 4 ) 
C ( 1 9 ) 1 9 8 2 ( 1 2 ) - 2 5 5 3 ( 7 ) 3 2 7 4 ( 4 ) 4 0 ( 4 ) C(20) 3 7 0 ( 1 3 ) - 2 7 8 1 ( 8 ) 3 4 5 8 ( 5 ) 5 5 ( 5 ) 
C ( 2 1 ) 2 3 7 ( 1 6 ) - 1 7 6 0 ( 9 ) 4 0 1 3 ( 5 ) 50 (6 ) 0 ( 1 ) 1353 (11 ) - 8 5 7 ( 6 ) 4 1 8 4 ( 4 ) 6 5 ( 4 ) 
0 ( 2 ) - 1 0 4 1 ( 1 0 ) - 1 9 8 6 ( 6 ) 4 2 0 8 ( 4 ) 6 7 ( 4 ) P(2) 4 4 7 8 ( 3 ) - 1 3 3 8 ( 2 ) 7 4 0 0 ( 1 ) 3 6 ( 1 ) 
C ( 2 2 ) 3 4 9 3 ( 1 5 ) - 3 4 3 9 ( 9 ) 6 3 7 0 ( 5 ) 6 7 ( 6 ) C ( 2 3 ) 3 2 1 6 ( 1 8 ) - 4 6 0 9 ( 9 ) 6 1 3 4 ( 6 ) 8 4 ( 7 ) 
C ( 2 4 ) 3 5 4 1 ( 1 5 ) - 5 1 6 7 ( 9 ) 6 5 9 1 ( 7 ) 6 8 ( 6 ) C(25) 4 0 8 7 ( 1 4 ) - 4 5 7 8 ( 9 ) 7 2 8 6 ( 7 ) 6 2 ( 6 ) 
C ( 2 6 ) 4 3 5 1 ( 1 4 ) - 3 4 2 7 ( 8 ) 7 5 4 1 ( 5 ) 55(5) C(27) 4 0 4 1 ( 1 2 ) - 2 8 6 1 ( 7 ) 7 0 6 7 ( 5 ) 3 9 ( 4 ) 
C ( 2 8 ) 2 4 2 8 ( 1 4 ) - 1 8 1 3 ( 9 ) 8 2 7 1 ( 5 ) 57(5) C(29) 1807(16) - 1 5 4 0 ( 1 1 ) 8 8 6 6 ( 6 ) 7 2 ( 7 ) 
C ( 3 0 ) 2 4 7 3 ( 1 9 ) - 4 4 4 ( 1 4 ) 9 3 2 7 ( 6 ) 86 (9 ) C(31) 3 6 6 3 ( 1 7 ) 3 8 4 ( 1 2 ) 9 2 0 4 ( 7 ) 8 3 ( 7 ) 
C ( 3 2 ) 4 2 4 4 ( 1 5 ) 102(9) 8 6 0 5 ( 6 ) 6 7 ( 6 ) C(33) 3 6 4 1 ( 1 2 ) - 1 0 1 0 ( 8 ) 8 1 4 8 ( 4 ) 4 2 ( 5 ) 
C ( 3 4 ) 7 3 5 5 ( 1 5 ) - 4 9 0 ( 8 ) 8 3 5 5 ( 5 ) 51(5) C(35) 8 9 6 9 ( 1 5 ) -9 (9) 8 5 5 7 ( 5 ) 5 6 ( 5 ) 
C ( 3 6 ) 9 8 3 6 ( 1 5 ) 3 3 1 ( 9 ) 8 0 8 8 ( 6 ) 6 3 ( 6 ) C(37) 9 0 7 6 ( 1 4 ) 190(9) 7 4 2 2 ( 6 ) 5 6 ( 6 ) 
C ( 3 8 ) 7 4 6 0 ( 1 3 ) - 2 8 7 ( 8 ) 7 2 0 4 ( 5 ) 4 2 ( 4 ) C(39) 6 5 8 4 ( 1 1 ) - 6 2 4 ( 7 ) 7 6 8 3 ( 5 ) 3 7 ( 4 ) 
C ( 4 0 ) 3 7 1 0 ( 1 2 ) - 8 2 1 ( 8 ) 6 7 2 9 ( 4 ) 4 0 ( 4 ) C(41) 1903(13) - 1 2 4 9 ( 9 ) 6 5 3 9 ( 5 ) 5 3 ( 5 ) 
C ( 4 2 ) 1 2 4 2 ( 1 7 ) - 7 7 0 ( 9 ) 6 0 0 0 ( 5 ) 51(6) 0 ( 3 ) 2 1 8 7 ( 1 0 ) -33 (6 ) 5 8 0 6 ( 3 ) 6 4 ( 4 ) 
0 ( 4 ) - 2 2 9 ( 1 1 ) - 1 1 7 7 ( 7 ) 5 7 9 4 ( 4 ) 6 7 ( 4 ) N ( I ) 4 9 7 0 ( 1 2 ) 2 0 1 4 ( 7 ) 5 0 0 6 ( 5 ) 5 2 ( 4 ) 
0 ( 5 ) 4 4 8 2 ( 1 1 ) 2 0 6 2 ( 9 ) 5538 (4 ) 1 1 1(6) 0 ( 6 ) 3 9 3 7 ( 1 2 ) 1515(10) 4 4 6 5 ( 4 ) 114(6) 
0 ( 7 ) 6 3 5 3 ( 1 0 ) 2 4 4 9 ( 7 ) 4 9 9 7 ( 4 ) 71 (4 ) CI(1) 2 7 2 9 ( 5 ) 2 7 2 9 ( 3 ) 4 5 9 ( 1 ) 7 9 ( 2 ) 
0 ( 8 ) 3 8 5 7 ( 1 9 ) 3 6 0 4 ( 1 4 ) 2 8 7 ( 1 0 ) 113(7) 0 ( 9 ) 1828(21) 1984 (14 ) - 1 7 7 ( 8 ) 107(6 ) 
0 ( 1 0 ) 1697(18) 3 3 9 3 ( 1 2 ) 713 (8 ) 75(5) 0 ( 1 1 ) 3 2 3 2 ( 3 2 ) 2 4 1 3 ( 2 2 ) 9 6 2 ( 1 1 ) 2 2 6 ( 1 6 ) 
0 ( 8 ' ) 4 0 0 8 ( 1 6 ) 2 3 0 6 ( 1 3 ) 7 0 5 ( 8 ) 78 (5 ) 0 ( 9 . ) 1419(18) 1695(14) 3 1 7 ( 1 1 ) 128(8) 
0 ( 1 0 ' ) 2 7 8 9 ( 3 4 ) 3 5 5 9 ( 1 7 ) 9 7 4 ( 1 1 ) 2 3 8 ( 1 8 ) 0 ( 1 1 ' ) 2 9 8 2 ( 2 3 ) 2 8 2 3 ( 1 6 ) - 1 7 5 ( 7 ) 9 8 ( 6 ) 
Atoms 0 ( 8 ) - 0 ( l 1) and 0 ( 8 ' ) - 0 ( l 1 ’）represent a two-fold disordered perchlorate anion and each has a site occupancy o f Vz. 
Complex 4 .2 .3 
C d ( l ) 5 8 7 8 ( 1 ) 5 0 0 0 9 0 9 1 ( 1 ) 34 (1 ) C1(1) 7 2 2 5 ( 4 ) 5 0 0 0 7 9 0 4 ( 8 ) 110(3) 
P(1) 2 4 6 4 ( 2 ) 3 8 1 4 ( 1 ) 4 1 0 9 ( 3 ) 42 (1 ) C(1) 883(9 ) 4 3 4 8 ( 3 ) 3 0 2 3 ( 1 8 ) 104(7) 
C(2 ) - 1 2 7 ( 1 3 ) 4 4 7 6 ( 4 ) 2 1 7 5 ( 2 7 ) 165(12) C(3) - 9 5 6 ( 1 0 ) 4 2 4 3 ( 4 ) 1322 (16 ) 9 4 ( 6 ) 
C(4) - 7 4 5 ( 8 ) 3 8 8 7 ( 4 ) 1364(12) 72(5) C(5) 277 (8 ) 3 7 5 5 ( 3 ) 2 2 3 6 ( 1 1 ) 6 6 ( 4 ) 
C(6 ) 1104(7) 3 9 8 9 ( 2 ) 3 0 8 8 ( 1 0 ) 46(3) C(7) 1544(9) 3 3 7 4 ( 3 ) 5 7 0 5 ( 1 2 ) 6 5 ( 4 ) 
C(8) 1566 (10 ) 3 0 6 8 ( 3 ) 6 6 1 5 ( 1 4 ) 87(6) C(9) 2 4 0 7 ( 1 2 ) 2 8 3 1 ( 3 ) 7 0 5 9 ( 1 3 ) 8 7 ( 6 ) 
C ( 1 0 ) 3 3 0 9 ( 1 2 ) 2 9 0 0 ( 3 ) 6 6 5 8 ( 1 5 ) 92(7) C(11) 3 2 9 9 ( 9 ) 3 1 9 2 ( 3 ) 5 7 3 6 ( 1 2 ) 7 4 ( 5 ) 
C ( 1 2 ) 2 4 2 1 ( 7 ) 3 4 3 2 ( 2 ) 5248 (10 ) 47 (3 ) C(13) 2 8 4 2 ( 8 ) 3 3 2 6 ( 3 ) 2 1 4 1 ( 1 1 ) 5 7 ( 4 ) 
C ( 1 4 ) 3 2 1 6 ( 9 ) 3 2 1 2 ( 3 ) 9 9 1 ( 1 2 ) 65 (4 ) C(15) 3 7 6 4 ( 8 ) 3 4 6 1 ( 3 ) 4 5 0 ( 1 2 ) 6 7 ( 4 ) 
C ( 1 6 ) 3 9 2 7 ( 9 ) 3 8 0 4 ( 3 ) 1027(12) 69 (5 ) C(17) 3 5 7 1 ( 7 ) 3 9 0 9 ( 3 ) 2 1 4 7 ( 1 1 ) 55 (4 ) 
C(18) 3 0 2 7 ( 6 ) 3 6 6 6 ( 2 ) 2 7 1 5 ( 9 ) 43 (3 ) C(19) 3 3 3 5 ( 7 ) 4 1 5 5 ( 3 ) 5 3 6 8 ( 1 0 ) 5 8 ( 4 ) 
C ( 2 0 ) 3 0 3 8 ( 9 ) 4 2 3 7 ( 3 ) 6 7 6 5 ( 1 2 ) 67(5) C(21) 3 8 0 7 ( 8 ) 4 4 9 5 ( 2 ) 7 9 2 7 ( 1 1 ) 5 4 ( 4 ) 
0 ( 1 ) 4 6 4 0 ( 5 ) 4 5 9 2 ( 2 ) 7 6 9 2 ( 8 ) 6 6 ( 3 ) 0 ( 2 ) 3 5 0 7 ( 6 ) 4 5 9 9 ( 2 ) 8 9 8 5 ( 8 ) 7 5 ( 3 ) 
Cl(2) 5 0 0 0 2 2 6 4 ( 1 ) 0 82(2) 0 ( 5 ) 5 7 5 0 ( 1 3 ) 2 5 2 9 ( 6 ) - 1 8 3 ( 3 1 ) 169(11) 
0 ( 6 ) 4 4 4 5 ( 1 7 ) 2 1 4 2 ( 6 ) - 1 5 8 4 ( 1 8 ) 110(7) 0 ( 5 ' ) 4 8 2 9 ( 3 5 ) 2 0 4 7 ( 9 ) - 1 2 6 5 ( 1 5 ) 4 1 9 ( 4 8 ) 
0 ( 6 ' ) 3 9 9 6 ( 1 6 ) 2 2 9 2 ( 8 ) 184(34) 150(9) 
Complex 4.2.4 
C d ( l ) 0 0 0 37(1) 0 ( 1 W ) 2 3 0 9 ( 4 ) -993(3 ) - 4 0 2 ( 2 ) 3 7 ( 1 ) 
P(1) 5 4 6 3 ( 2 ) 906 (1 ) 2355(1 ) 30(1) C(1) 4 5 6 1 ( 5 ) 2 7 8 9 ( 4 ) 1219(3) 5 5 ( 1 ) 
C(2) 4 3 0 0 ( 5 ) 3912 (4 ) 928(4 ) 76(1) C(3) 4 4 9 3 ( 5 ) 4 5 8 2 ( 4 ) 1352(4) 6 9 ( 1 ) 
C(4) 4 9 7 2 ( 5 ) 4 1 6 2 ( 4 ) 2073 (4 ) 67(1) C(5) 5251(5) 3 0 4 3 ( 4 ) 2 3 8 5 ( 3 ) 50 (1 ) 
C(6) 5027 (4 ) 2 3 5 8 ( 4 ) 1949(3) 34(1) C(7) 3128 (5 ) 1551(4) 3 2 8 6 ( 3 ) 56 (1 ) 
C(8) 2 3 2 0 ( 5 ) 1363(4) 3887 (3 ) 6 9 ( I ) C(9) 2762 (5 ) 3 5 4 ( 4 ) 4 3 5 1 ( 3 ) 7 2 ( 1 ) 
C(10) 4 0 1 0 ( 5 ) -520(4 ) 4219 (4 ) 75(1) C ( I 1 ) 4 8 0 6 ( 5 ) -334 (4 ) 3 6 1 1 ( 3 ) 6 2 ( 1 ) 
C(12) 4 3 8 8 ( 4 ) 702(4 ) 3148(3 ) 37(1) C(13) 8536(4 ) -180(4) 2 1 8 4 ( 3 ) 3 7 ( 1 ) 
C(14) 10076(4) -636(4) 2418 (3 ) 48(1) C(15) 10552(5) -663(4 ) 3 1 2 6 ( 3 ) 50 (1 ) 
C(16) 9 5 1 3 ( 5 ) -204(4 ) 3588 (3 ) 55(1) C(17) 7 9 6 0 ( 5 ) 257 (4 ) 3 3 5 3 ( 3 ) 4 8 ( 1 ) 
C(18) 7 4 5 9 ( 4 ) 283(4 ) 2651 (3 ) 32(1) C(19) 4974 (4 ) 226(4 ) 1701(3) 40 (1 ) 
C ( 2 0 ) 3 2 5 4 ( 4 ) 507(4) 1573(3) 42(1) C(21) 2754 (4 ) 6 5 ( 4 ) 9 7 2 ( 3 ) 4 0 ( 1 ) 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) {coritinned) 
Complex 4 .2 .7 
C d ( l ) 9 3 2 ( 1 ) 1986 (1 ) 164(1) 4 4 ( 1 ) Cd(2) 5 0 0 0 0 4 1 ( 1 ) 
C1(1) 1868 (4 ) 3 6 6 4 ( 2 ) 4 7 0 ( 1 ) 8 2 ( 1 ) CI(2) - 1 2 2 7 ( 3 ) 2 1 9 0 ( 3 ) - 5 7 2 ( 1 ) 7 5 ( 1 ) 
Cl (3 ) 2 9 0 0 ( 3 ) 1263 (2 ) - 4 3 1 ( 1 ) 5 3 ( 1 ) P(1) - 1 4 9 0 ( 2 ) - 7 0 0 ( 2 ) 2 4 5 1 ( 1 ) 3 4 ( 1 ) 
C(1 ) 6 5 0 ( 1 0 ) 2 2 ( 7 ) 3 3 3 0 ( 3 ) 51 (3 ) C(2) 1 1 4 2 ( 1 2 ) 6 7 1 ( 8 ) 3 7 8 0 ( 4 ) 6 1 ( 3 ) 
C ( 3 ) 1 8 6 ( 1 3 ) 1406 (8 ) 3 9 6 5 ( 4 ) 6 3 ( 4 ) C(4) - 1 2 4 7 ( 1 4 ) 1492 (9 ) 3 6 8 5 ( 5 ) 7 2 ( 4 ) 
C(5 ) - 1 7 4 3 ( 1 1 ) 8 4 2 ( 7 ) 3 2 3 1 ( 4 ) 58 (3 ) C(6) - 7 7 4 ( 9 ) 9 2 ( 6 ) 3 0 5 4 ( 3 ) 4 0 ( 2 ) 
C ( 7 ) - 4 4 2 0 ( 9 ) - 1 1 8 3 ( 7 ) 2 0 1 4 ( 3 ) 4 6 ( 3 ) C(8) - 5 8 2 4 ( 1 0 ) - 1 5 5 2 ( 8 ) 2 0 7 3 ( 4 ) 5 5 ( 3 ) 
C(9 ) - 6 2 2 8 ( 1 0 ) - 1 7 5 0 ( 7 ) 2 6 2 2 ( 4 ) 5 4 ( 3 ) C ( 1 0 ) - 5 2 5 3 ( 1 2 ) - 1 5 8 3 ( 8 ) 3 1 1 2 ( 4 ) 6 3 ( 4 ) 
C ( 1 1 ) - 3 8 2 3 ( 1 0 ) - 1 2 2 3 ( 8 ) 3 0 6 3 ( 3 ) 51 (3 ) C(12) - 3 4 0 5 ( 8 ) - 1 0 1 0 ( 6 ) 2 5 1 2 ( 3 ) 3 6 ( 2 ) 
C ( 1 3 ) - 9 3 ( 1 0 ) - 2 2 9 9 ( 6 ) 1945(3) 4 4 ( 3 ) C(14) 5 7 1 ( 1 2 ) - 3 2 4 4 ( 7 ) 1953 (4 ) 5 8 ( 3 ) 
C ( 1 5 ) 8 2 1 ( 1 1 ) - 3 7 9 2 ( 7 ) 2 4 7 4 ( 5 ) 6 1 ( 3 ) C(16) 4 2 6 ( 1 2 ) - 3 3 7 8 ( 8 ) 2 9 8 3 ( 4 ) 5 9 ( 3 ) 
C ( 1 7 ) - 2 3 1 ( 1 1 ) - 2 4 1 7 ( 7 ) 2 9 8 6 ( 3 ) 51 (3 ) C(18) - 4 7 1 ( 8 ) - 1 8 7 4 ( 6 ) 2 4 6 0 ( 3 ) 3 9 ( 2 ) 
C ( 1 9 ) - 1 3 5 2 ( 9 ) -12 (6 ) 1779(3 ) 3 9 ( 2 ) C(20) 2 4 2 ( 1 0 ) 3 0 2 ( 7 ) 1 7 0 2 ( 3 ) 4 9 ( 3 ) 
C ( 2 1 ) 3 4 7 ( 1 0 ) 9 1 7 ( 6 ) 1142(3) 4 2 ( 2 ) 0 ( 1 ) 1609(7) 9 8 6 ( 5 ) 9 6 4 ( 3 ) 5 8 ( 2 ) 
0 ( 2 ) - 7 8 0 ( 7 ) 1336(6 ) 8 8 7 ( 3 ) 6 4 ( 2 ) 0 ( 1 W ) 3 6 0 7 ( 8 ) - 4 6 3 ( 5 ) 7 2 7 ( 3 ) 5 8 ( 2 ) 
0 ( 2 W ) 6105(7) 1223(5) 608(3) 57(2) 0 ( 3 W ) 5531(12) 3241(7) 593(4) 94(4) 
0 ( 4 W ) 8 0 0 9 ( 1 5 ) 4 4 2 1 ( 1 0 ) 4 3 2 ( 5 ) 131(6) 
Complex 4 .2 .8 
C d ( l ) 6 1 6 8 ( 1 ) - 1 3 2 6 ( 1 ) -157 (1 ) 51(1) Cd(2) 4 7 1 9 ( 1 ) - 1 3 8 0 ( 1 ) 2 4 8 5 ( 1 ) 7 3 ( 1 ) 
B r ( l ) 8 2 2 5 ( 2 ) - 1 6 3 2 ( 2 ) -674 (2 ) 76 (1 ) Br(2) 5 8 8 3 ( 2 ) - 3 0 6 9 ( 1 ) 5 2 ( 1 ) 7 2 ( 1 ) 
Br(3) 6 7 0 1 ( 2 ) - 1 8 7 8 ( 1 ) 1741(1) 6 5 ( 1 ) Br(4) 4 7 8 3 ( 3 ) - 2 8 3 9 ( 2 ) 3 9 8 3 ( 2 ) 129(2) 
P(1) 2 3 5 9 ( 4 ) -934 (4 ) - 1 5 8 3 ( 3 ) 55(2) C ( l ) 3 3 6 0 ( 1 2 ) - 9 9 ( 1 0 ) - 3 1 3 8 ( 1 0 ) 105(7 ) 
C(2) 3 7 9 3 -18 - 4 0 4 4 143(10) C(3) 3 8 2 5 -716 - 4 5 0 9 1 4 6 ( 1 0 ) 
C(4 ) 3 4 2 4 - 1 4 9 5 - 4 0 6 8 185(13) C(5) 2991 -1576 - 3 1 6 3 135(9) 
C(6 ) 2 9 5 9 -878 - 2 6 9 8 73 (5 ) C(7) 3 2 4 1 ( 8 ) - 3 0 7 4 ( 1 0 ) - 9 7 7 ( 8 ) 8 6 ( 6 ) 
C(8 ) 3 2 0 5 - 4 0 5 8 -559 107(7) C(9) 2 1 9 9 -4141 -245 101(7) 
C ( 1 0 ) 1229 -3241 -350 98 (7 ) C(11) 1265 - 2 2 5 7 - 7 6 8 7 2 ( 5 ) 
C ( 1 2 ) 2271 - 2 1 7 4 -1082 56(4) C(13) 2 8 5 ( 1 2 ) 119(10) - 2 2 1 7 ( 9 ) 109(8) 
C ( 1 4 ) -745 949 -2343 133(9) C(15) -1001 1767 - 1 9 4 7 121(8) 
C ( 1 6 ) -229 1755 - 1 4 2 4 112(8) C(17) 800 925 - 1 2 9 8 8 9 ( 6 ) 
C ( 1 8 ) 1057 107 - 1 6 9 4 59(5) C(19) 3 2 3 7 ( 1 3 ) - 8 1 7 ( 1 3 ) - 9 0 6 ( 1 0 ) 5 5 ( 9 ) 
C ( 2 0 ) 2 9 1 2 ( 1 3 ) - 1 0 7 1 ( 1 3 ) 150(11) 60 (10 ) C(21) 3 6 8 3 ( 1 2 ) - 9 8 9 ( 1 2 ) 7 3 1 ( 1 4 ) 4 7 ( 9 ) 
0 ( 1 ) 4 3 0 4 ( 8 ) - 5 0 7 ( 8 ) 3 3 8 ( 7 ) 4 7 ( 5 ) 0 ( 2 ) 3 6 0 5 ( 9 ) - 1 3 9 4 ( 9 ) 丨 5 8 3 ( 8 ) 6 6 ( 7 ) 
P(2) 2 2 9 6 ( 5 ) 3 5 9 6 ( 4 ) 3 0 4 7 ( 5 ) 95 (3 ) C(22) 3 8 4 ( 8 ) 5 2 1 3 ( 1 0 ) 2 6 2 0 ( 8 ) 9 7 ( 9 ) 
C ( 2 3 ) -524 5832 2065 114(11) C(24) -652 5 5 3 2 1320 107 (10 ) 
C ( 2 5 ) 128 4 6 1 3 1129 156(16) C(26) 1037 3 9 9 4 1684 105(10) 
C ( 2 7 ) 1165 4 2 9 4 2 4 2 9 9 8 ( 1 3 ) C(22') 564 5 4 3 9 2 0 4 3 3 1 ( 1 7 ) 
C(23') -463 6 0 0 6 1646 75 (28 ) C(24') -1080 5 4 8 0 1542 8 8 ( 3 2 ) 
C(25') -670 4 3 8 7 1836 120(42) C(26') 356 3821 2 2 3 3 8 7 ( 3 0 ) 
C(27') 9 7 4 4 3 4 7 2 3 3 7 29 (23 ) C(28) 3 5 4 6 4 6 9 0 1884 138(18) 
C ( 2 9 ) 4 0 5 7 5 3 9 7 1662 146(20) C(30) 3 9 6 2 5 9 7 2 2 2 7 3 9 3 ( 1 0 ) 
C ( 3 1 ) 3 3 5 7 5839 3 1 0 6 116(13) C(32) 2846 5131 3 3 2 8 127(14) 
C(33) 2 9 4 0 4 5 5 7 2 7 1 7 88(10) C(28') 3282 4 8 8 8 2 0 7 0 168(47) 
C(29') 4 0 8 3 5303 1925 98 (31 ) C(30') 4 8 5 8 4 9 4 9 2 5 9 4 9 1 ( 2 3 ) 
C(31_) 4 8 3 2 4 1 7 9 3 4 0 7 132(31) C(32') 4031 3 7 6 4 3 5 5 2 108(26) 
C(33') 3 2 5 6 4 1 1 9 2 8 8 4 57 (16) C(34) 9 0 1 ( 1 5 ) 3 1 6 3 ( 1 4 ) 4 5 0 7 ( 1 4 ) 182 (13 ) 
C ( 3 5 ) 631 2 8 5 7 5447 2 4 0 ( 1 8 ) C(36) 1362 2 6 5 7 6 1 0 5 156(11) 
C(37) 2 3 6 3 2763 5824 217 (16 ) C(38) 2633 3 0 6 9 4 8 8 4 171(12) 
C ( 3 9 ) 1902 3269 4225 1 0 1 ( 7 ) C (40) 3 2 4 6 ( 2 7 ) 2 6 2 8 ( 1 7 ) 2 4 7 4 ( 2 4 ) 8 6 ( 1 8 ) 
C(40') 2 9 1 2 ( 4 0 ) 2 2 1 0 ( 1 7 ) 3 1 7 4 ( 2 8 ) 142(25) C(41) 3 0 9 3 ( 3 2 ) 1600(23) 2 8 5 7 ( 3 3 ) 152(26) 
C(41') 3 7 6 9 ( 3 5 ) 1904(20) 2 4 1 7 ( 2 7 ) 113(21) C(42) 4 0 0 7 ( 1 7 ) 7 7 5 ( 1 4 ) 2 4 4 2 ( 1 5 ) 9 4 ( 7 ) 
0 ( 3 ) 3 9 6 1 ( 1 3 ) -22 (13) 3 1 0 9 ( 1 1 ) 122(5) 0 ( 4 ) 4 3 6 3 ( 9 ) 6 6 6 ( 9 ) 1709(8) 7 1 ( 3 ) 
C ( 4 3 ) 7 6 0 1 ( 4 5 ) 4 3 3 2 ( 3 6 ) 4 2 6 6 ( 2 8 ) 184(26) C(44) 8 4 9 5 ( 3 2 ) 3 2 2 9 ( 2 8 ) 3 2 2 6 ( 2 9 ) 140(19) 
N ( 1 ) 7 6 0 9 ( 2 8 ) 4 1 5 0 ( 2 6 ) 3 4 6 2 ( 2 2 ) 132(14) C(45) 6 7 5 7 ( 3 3 ) 4 8 9 7 ( 3 2 ) 2 8 0 0 ( 2 9 ) 159(22) 
0 ( 5 ) 7 9 8 3 ( 9 3 ) 3 5 7 5 ( 5 6 ) 4 9 5 5 ( 3 2 ) 575(80) 
Atoms C(22) -C(27) and C(22')-C(27') belong to a two-fold disordered phenyl group. For atoms C(22) -C(27) each has a site 
occupancy 0.78, and for atoms C(22')-C(27') each has a site occupancy 0.22. 
Atoms C(28) -C(33) and C(28')-C(33') belong to a two-fold disordered phenyl group. For atoms C(28) -C(33) each has a site 
occupancy 0.69, and for atoms C(28')-C(33') each ha.s a sile occupancy 0.31. 
Atoms C(40) . C(41) and C(40')-C(41') belong to a disordered CH2-CH2 chain. For atoms C(40) and C(41) each has a site 
occupancy 0.51，and for atoms C(40'). C(41') each has a site occupancy 0.49. 
Atoms C ( 4 3 ) - 0 ( 5 ) represent a disordered dinfmolecule and each has a occupancy 0P/2. 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) {coritinned) 
Complex 4 .2 .9 
C d ( l ) - 2 0 1 6 4 ( 4 ) - 1 0 1 3 0 ( 1 1 ) - 7 5 8 ( 2 ) 2 6 7 ( 2 ) Cd(2) 0 9 2 8 1 ( 1 2 ) 0 2 8 1 ( 2 ) 
C1(1) - 1 0 2 8 ( 2 ) - 7 6 0 ( 5 ) 4 0 6 ( 1 ) 3 9 ( 1 ) Cl(2) - 1 0 2 7 ( 2 ) 5 4 3 ( 5 ) - 4 9 9 ( 1 ) 3 5 ( 1 ) 
Cl (3) 7 0 7 ( 2 ) - 2 4 0 4 ( 5 ) -60 (1 ) 4 9 ( 1 ) 0 ( 1 W ) 7 5 2 ( 4 ) 2 4 8 7 ( 1 4 ) - 4 2 0 ( 2 ) 5 5 ( 3 ) 
0 ( 2 W ) - 2 5 3 7 ( 5 ) 2 0 3 0 ( 1 1 ) 2 9 ( 2 ) 3 4 ( 2 ) 0 ( 3 W ) - 5 6 0 ( 4 ) 4 1 2 0 ( 1 0 ) 6 1 ( 2 ) 4 9 ( 3 ) 
P(1) - 3 3 2 9 ( 2 ) - 6 5 6 7 ( 4 ) - 1 4 5 2 ( 1 ) 2 7 ( 1 ) C(1) - 2 1 4 3 ( 7 ) - 8 0 6 2 ( 2 2 ) - 1 8 4 5 ( 3 ) 4 3 ( 4 ) 
C ( 2 ) - 1 5 0 8 ( 8 ) - 9 3 1 4 ( 2 3 ) - 1 8 9 8 ( 4 ) 57 (5 ) C(3) - 1 3 2 7 ( 9 ) - 1 0 7 2 8 ( 2 4 ) - 1 6 5 0 ( 4 ) 5 5 ( 5 ) 
C ( 4 ) - 1 6 8 1 ( 8 ) - 1 0 8 2 2 ( 1 7 ) - 1 3 4 6 ( 4 ) 4 2 ( 4 ) C(5) - 2 3 1 5 ( 7 ) - 9 5 7 7 ( 1 7 ) - 1 2 8 6 ( 3 ) 3 5 ( 3 ) 
C(6 ) - 2 5 3 3 ( 6 ) - 8 2 0 9 ( 1 7 ) - 1 5 4 1 ( 3 ) 3 0 ( 3 ) C(7) - 4 5 5 1 ( 7 ) - 7 6 5 5 ( 1 8 ) - 1 0 3 3 ( 3 ) 4 3 ( 4 ) 
C(8 ) - 5 1 6 7 ( 7 ) - 8 8 7 6 ( 1 8 ) - 9 4 3 ( 3 ) 4 2 ( 4 ) C(9) - 5 3 3 2 ( 8 ) - 1 0 5 2 2 ( 2 2 ) - 1 1 5 3 ( 4 ) 5 8 ( 5 ) 
C ( 1 0 ) - 4 9 4 5 ( 9 ) - 1 0 9 4 4 ( 2 0 ) - 1 4 4 1 ( 5 ) 6 1 ( 5 ) C(11) - 4 3 3 4 ( 9 ) - 9 7 5 5 ( 2 4 ) - 1 5 2 5 ( 4 ) 6 0 ( 5 ) 
C ( 1 2 ) - 4 1 2 8 ( 6 ) - 8 0 7 3 ( 1 8 ) - 1 3 2 3 ( 3 ) 3 1 ( 3 ) C(13) - 4 2 7 9 ( 7 ) - 5 2 6 0 ( 2 2 ) - 2 0 0 4 ( 3 ) 4 5 ( 4 ) 
C ( 1 4 ) - 4 4 3 1 ( 1 0 ) - 4 0 4 8 ( 2 8 ) - 2 2 8 3 ( 4 ) 7 0 ( 6 ) C(15) - 3 9 4 0 ( 1 1 ) - 2 6 3 8 ( 2 7 ) - 2 3 9 8 ( 3 ) 6 7 ( 6 ) 
C ( 1 6 ) - 3 2 1 2 ( 9 ) - 2 4 9 7 ( 1 9 ) - 2 2 2 4 ( 3 ) 54(4) C(17) - 3 0 5 2 ( 9 ) - 3 6 4 0 ( 2 1 ) - 1 9 4 5 ( 3 ) 5 1 ( 4 ) 
C ( 1 8 ) - 3 5 7 3 ( 7 ) - 5 0 6 3 ( 1 7 ) - 1 8 3 1 ( 2 ) 3 3 ( 3 ) C(19) - 3 0 6 0 ( 6 ) - 4 8 2 5 ( 1 4 ) - 1 1 1 2 ( 2 ) 3 1 ( 3 ) 
C ( 2 0 ) - 2 6 6 0 ( 7 ) - 5 6 5 0 ( 1 4 ) - 7 8 1 ( 2 ) 3 6 ( 3 ) C(21) - 2 3 9 8 ( 5 ) - 3 9 9 3 ( 1 3 ) - 5 3 4 ( 2 ) 2 6 ( 2 ) 
0 ( 1 ) - 1 9 6 5 ( 4 ) - 4 4 5 5 ( 9 ) - 2 7 6 ( 2 ) 3 0 ( 2 ) 0 ( 2 ) - 2 6 1 8 ( 5 ) - 2 2 3 5 ( 1 1 ) - 5 8 7 ( 2 ) 3 3 ( 2 ) 
P(2) 1460 (2 ) 6 7 8 8 ( 4 ) 1266(1) 24 (1 ) C(22) 1046(8) 3 8 5 5 ( 1 7 ) 1740(3 ) 3 9 ( 4 ) 
C ( 2 3 ) 1166 (9 ) 2 6 4 4 ( 1 9 ) 2 0 1 6 ( 3 ) 53 (4 ) C(24) 1865(8) 2 5 6 2 ( 1 8 ) 2 2 0 2 ( 3 ) 4 2 ( 4 ) 
C ( 2 5 ) 2 4 7 4 ( 8 ) 3 8 1 8 ( 1 8 ) 2 1 0 3 ( 3 ) 4 7 ( 4 ) C(26) 2 3 5 5 ( 7 ) 5 0 9 2 ( 1 9 ) 1810(3 ) 3 8 ( 3 ) 
C ( 2 7 ) 1639(6 ) 5 1 4 3 ( 1 4 ) 1629(2) 26 (3 ) C(28) 4 3 0 ( 7 ) 9 7 2 1 ( 1 6 ) 1100(3 ) 3 2 ( 3 ) 
C ( 2 9 ) - 1 7 9 ( 7 ) 1 0 9 6 2 ( 1 6 ) 1159(3) 35 (3 ) C(30) -591 (8 ) 1 0 8 7 6 ( 1 8 ) 1456(4 ) 4 3 ( 4 ) 
C ( 3 1 ) - 3 6 7 ( 7 ) 9 5 2 7 ( 2 1 ) 1719(3) 45 (4 ) C(32) 2 3 9 ( 7 ) 8 2 3 8 ( 2 0 ) 1665(3 ) 4 0 ( 4 ) 
C ( 3 3 ) 6 4 7 ( 6 ) 8 3 3 1 ( 1 6 ) 1356(3) 26(3) C(34) 2 5 6 2 ( 7 ) 9 5 0 2 ( 1 7 ) 1466(3 ) 3 7 ( 3 ) 
C ( 3 5 ) 3 2 0 1 ( 7 ) 1 0 6 9 0 ( 1 9 ) 1428(3) 4 5 ( 4 ) C(36) 3 5 3 5 ( 7 ) 10856(18 ) 1098(3) 4 0 ( 4 ) 
C ( 3 7 ) 3 2 4 1 ( 8 ) 9 7 5 9 ( 1 9 ) 834(3 ) 4 8 ( 4 ) C(38) 2 6 2 3 ( 7 ) 8 4 7 5 ( 1 7 ) 8 7 0 ( 3 ) 3 8 ( 3 ) 
C ( 3 9 ) 2 2 7 8 ( 6 ) 8 3 6 9 ( 1 6 ) 1205(3) 27(3) C(40) 1202(5) 5 3 8 8 ( 1 4 ) 8 7 1 ( 2 ) 2 6 ( 3 ) 
C ( 4 1 ) 1783(5) 3 8 5 3 ( 1 4 ) 7 4 6 ( 2 ) 30 (3 ) C(42) 1457(5) 2 8 8 8 ( 1 2 ) 4 1 1 ( 2 ) 2 2 ( 2 ) 
0 ( 3 ) 7 8 3 ( 4 ) 2 2 3 0 ( 1 2 ) 4 2 2 ( 2 ) 34 (2 ) 0 ( 4 ) 1 8 6 0 ( 2 ) 2 7 9 3 ( 3 ) 153(1) 4 1 ( 2 ) 
Cl (4) 4 0 2 6 -811 2 4 3 8 44 (1 ) 0 ( 8 ) 3 6 8 4 -426 2 7 5 9 2 2 0 ( 2 2 ) 
0 ( 9 ) 3 5 2 8 -1895 2 2 3 0 108(8) 0 ( 1 0 ) 4 6 8 5 - 1 9 2 9 2515 176 (15 ) 
0 ( 1 1 ) 4 2 2 5 986 2 2 8 7 112(9) 0 ( 8 ' ) 3 3 3 0 54 2 4 7 4 130(10) 
0 ( 9 . ) 4 4 7 0 93 2195 77(6) 0 ( 1 0 . ) 4441 -853 2 7 6 9 108(9 ) 
0 ( 1 1 ' ) 3 9 2 5 -2835 2 3 5 0 1 13(9) 
Atoms 0 ( 8 ) - 0 ( 11) and 0 ( 8 ) - 0 ( 11') belong to a two-fold distorted perchlorate anion and each has a site occupancy o f Vz. 
i 
Complex 4 .2 .10 ； C d ( l ) 2 1 2 2 ( 1 ) -882(1 ) 2 4 3 0 ( 1 ) 3()(1) CI(1) 2 9 3 ( 1 ) - 2 5 3 3 ( 1 ) 1870(1) 50 (1 ) 
Cl(2) 3 3 8 4 ( 1 ) - 1 2 2 9 ( 1 ) 1496(1) 42 (1 ) P(1) -905(1 ) 3 5 0 0 ( 1 ) 1528(1) 2 6 ( 1 ) 
C(1 ) 8 7 2 ( 3 ) 5360 (3 ) 2 8 1 7 ( 3 ) 35(2) C(2) 1893(4) 6 0 3 7 ( 3 ) 3 7 5 5 ( 3 ) 4 6 ( 2 ) 
C(3) 2 3 4 5 ( 4 ) 5 6 8 8 ( 3 ) 4 6 2 5 ( 3 ) 51(2) C(4) 1765(4) 4 6 6 9 ( 3 ) 4 5 8 6 ( 3 ) 5 4 ( 2 ) 
C(5 ) 7 5 2 ( 4 ) 3 9 7 7 ( 3 ) 3 6 5 8 ( 3 ) 42 (2 ) C(6) 306 (3 ) 4 3 2 4 ( 3 ) 2 7 6 6 ( 3 ) 2 8 ( 1 ) 
i C(7) - 2 0 8 5 ( 4 ) 4 8 1 5 ( 3 ) 1039(3) 43 (2 ) C(8) -2605(4 ) 5 3 8 4 ( 3 ) 4 1 8 ( 3 ) 5 0 ( 2 ) 
I C(9) - 2 6 7 6 ( 4 ) 5245 (3 ) -585(3 ) 50(2) C(10) - 2 2 4 8 ( 4 ) 4 5 4 0 ( 3 ) - 9 6 3 ( 3 ) 52 (2 ) 
i C ( 1 1 ) - 1 6 9 3 ( 3 ) 3 9 7 1 ( 3 ) -337(3 ) 40(2) C(12) -1613(3 ) 4 1 0 9 ( 3 ) 6 7 2 ( 3 ) 2 8 ( 1 ) 
！ C ( 1 3 ) - 2 7 3 0 ( 3 ) 1478(3) 1175(3) 34 (2 ) C(14) -3751(4 ) 842 (3 ) 1305(3) 4 2 ( 2 ) 
C ( 1 5 ) - 4 1 7 8 ( 3 ) 1243(3) 1981(3) 39(2) C(16) -3561(3 ) 2 2 7 9 ( 3 ) 2 5 7 8 ( 3 ) 3 9 ( 2 ) 
3 C ( 1 7 ) - 2 5 2 6 ( 3 ) 2 9 1 9 ( 3 ) 2 4 8 5 ( 3 ) 34 (2 ) C(18) -2118(3 ) 2 5 2 0 ( 3 ) 1769(2) 2 6 ( 1 ) 
I C ( 1 9 ) -198 (3 ) 2 6 8 6 ( 3 ) 916 (3 ) 32(2) C(20) 498 (4 ) 2 0 9 3 ( 3 ) 1598(3) 4 4 ( 2 ) 
S C ( 2 1 ) 1165(4) 1596(3) 1095(3) 47 (2 ) C(22) 1791(4) 9 4 8 ( 3 ) 1741(3) 3 9 ( 2 ) 
0 ( 1 ) 1045(3) 86(2) 1699(2) 58(2) 0 ( 2 ) 2 9 7 4 ( 3 ) 1284(3) 2 2 4 7 ( 3 ) 6 8 ( 2 ) 
P(2) 3 2 9 4 ( 1 ) 2 3 9 4 ( 1 ) 6 6 8 9 ( 1 ) 26(1) C(23) 826(4 ) 2 4 0 5 ( 3 ) 5 8 8 6 ( 3 ) 4 3 ( 2 ) 
C ( 2 4 ) -397 (4 ) 2 1 4 2 ( 3 ) 5081(3) 51(2) C(25) -735(4) 1528(3) 4 0 8 5 ( 3 ) 50 (2 ) 
C ( 2 6 ) 114(4) 1164(3) 3887 (3 ) 46(2) C(27) 1341(3) 1414(3) 4 6 7 6 ( 3 ) 3 8 ( 2 ) 
C(28) 1688(3) 2 0 3 1 ( 3 ) 5678(3 ) 31(1) C(29) 4 0 2 4 ( 4 ) 4 5 2 1 ( 3 ) 7 5 0 6 ( 3 ) 4 1 ( 2 ) 
C(30) 4 6 0 5 ( 4 ) 5563(3 ) 7592(3 ) 49(2) C(31) 5316(4) 5835 (3 ) 7 0 4 2 ( 3 ) 4 9 ( 2 ) 
C(32) 5 4 6 0 ( 4 ) 5065 (3 ) 6416 (3 ) 53(2) C(33) 4 8 8 5 ( 4 ) 4 0 2 6 ( 3 ) 6 3 2 3 ( 3 ) 4 4 ( 2 ) 
C(34) 4 1 6 2 ( 3 ) 3747 (3 ) 6866 (3 ) 31(1) C(35) 4458 (3 ) 2 5 9 0 ( 3 ) 8 8 0 8 ( 3 ) 3 9 ( 2 ) 
C(36) 4 5 1 0 ( 4 ) 2366 (3 ) 9735 (3 ) 47(2) C(37) 3414 (4 ) 1805(3) 9 7 8 9 ( 3 ) 4 9 ( 2 ) 
C(38) 2 2 5 0 ( 4 ) 1453(3) 8914(3 ) 48(2) C(39) 2174 (4 ) 1651(3) 7 9 7 4 ( 3 ) 4 0 ( 2 ) 
C(40) 3 2 8 0 ( 3 ) 2 2 3 0 ( 3 ) 7919 (3 ) 29(1) C(41) 4 0 4 6 ( 3 ) 1569(3) 6 3 0 1 ( 3 ) 2 8 ( 1 ) 
‘ C(42) 3 3 9 1 ( 3 ) 444 (3 ) 6291 (3 ) 3()(1) C(43) 3 8 4 8 ( 3 ) -333 (3 ) 5 8 3 2 ( 2 ) 2 9 ( 1 ) 
： C(44) 3 3 8 7 ( 3 ) -621(3) 4642 (3 ) 30(1) 0 ( 3 ) 2813 (3 ) -102(2 ) 4 1 2 5 ( 2 ) 4 4 ( 1 ) 
0 ( 4 ) 3 6 0 7 ( 3 ) -1352(2 ) 4222 (2 ) 42 (1 ) 0 ( 1 W ) 5064(3 ) -2304(2 ) 5 6 4 5 ( 2 ) 4 9 ( 1 ) 
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Atomic Coordinates (x 10^) and equivalent isotropic thermal parameters 
Ueq (A^ X 10 )^ {continued) 
C o m p l e x 4 .2 .11 
C d ( l ) - 5 0 0 ( 1 ) 1 0 5 6 ( 1 ) 2 2 6 1 ( 1 ) 4 6 ( 1 ) B r ( l ) - 2 4 9 6 ( 1 ) - 2 4 8 ( 1 ) 2 6 4 2 ( 1 ) 5 6 ( 1 ) 
Br(2) 1 7 6 2 ( 1 ) 4 6 3 ( 2 ) 2 9 4 0 ( 1 ) 8 3 ( 1 ) P(1) 2 0 7 1 ( 3 ) 3 7 3 8 ( 3 ) 3 3 4 ( 2 ) 4 1 ( 1 ) 
C ( 1 ) 4 1 0 1 ( 1 2 ) 5 7 6 3 ( 1 2 ) 1 0 9 5 ( 7 ) 7 6 ( 6 ) C ( 2 ) 4 6 4 1 ( 1 5 ) 6 9 4 1 ( 1 4 ) 1 5 4 0 ( 8 ) 9 6 ( 7 ) 
C ( 3 ) 3 8 4 7 ( 1 5 ) 7 5 3 4 ( 1 2 ) 1 8 4 5 ( 7 ) 7 6 ( 7 ) C ( 4 ) 2 5 3 8 ( 1 4 ) 6 9 8 8 ( 1 2 ) 1 7 1 6 ( 6 ) 6 7 ( 6 ) 
C ( 5 ) 1 9 6 8 ( 1 2 ) 5 8 2 4 ( 1 0 ) 1 2 5 9 ( 6 ) 5 5 ( 5 ) C(6 ) 2 7 5 0 ( 1 1 ) 5 2 1 8 ( 9 ) 9 4 2 ( 6 ) 4 4 ( 4 ) 
C ( 7 ) 1 7 8 2 ( 1 2 ) 2 9 9 3 ( 1 1 ) - 1 1 4 9 ( 6 ) 5 8 ( 5 ) C(8 ) 1 7 0 7 ( 1 2 ) 3 2 5 5 ( 1 3 ) - 1 8 5 2 ( 6 ) 6 7 ( 6 ) 
C ( 9 ) 1 9 3 3 ( 1 2 ) 4 4 6 9 ( 1 2 ) - 2 0 2 8 ( 7 ) 6 1 ( 6 ) C ( 1 0 ) 2 2 2 1 ( 1 2 ) 5 5 1 3 ( 1 1 ) - 1 4 8 3 ( 7 ) 6 3 ( 6 ) 
C ( 1 1 ) 2 2 8 7 ( 1 1 ) 5 2 7 5 ( 1 1 ) - 7 6 4 ( 6 ) 5 5 ( 5 ) C ( 1 2 ) 2 0 6 8 ( 1 0 ) 4 0 3 4 ( 1 0 ) - 5 8 6 ( 6 ) 4 3 ( 4 ) 
C ( 1 3 ) 4 0 4 7 ( 1 2 ) 2 4 0 9 ( 1 2 ) 3 1 2 ( 7 ) 6 5 ( 6 ) C ( 1 4 ) 4 8 6 1 ( 1 2 ) 1 5 9 5 ( 1 2 ) 5 8 2 ( 7 ) 6 6 ( 6 ) 
C ( 1 5 ) 4 6 9 8 ( 1 3 ) 9 5 0 ( 1 3 ) 1 1 6 7 ( 8 ) 6 9 ( 6 ) C ( 1 6 ) 3 7 1 5 ( 1 2 ) 1 1 7 2 ( 1 1 ) 1 4 9 3 ( 6 ) 5 0 ( 5 ) 
C ( 1 7 ) 2 9 0 5 ( 1 1 ) 1 9 8 3 ( 1 0 ) 1 2 3 3 ( 5 ) 4 4 ( 4 ) C ( 1 8 ) 3 0 6 3 ( 1 0 ) 2 6 2 0 ( 1 0 ) 6 3 7 ( 6 ) 4 5 ( 4 ) 
C ( 1 9 ) 4 0 1 ( 9 ) 3 1 3 8 ( 9 ) 3 5 5 ( 5 ) 3 8 ( 4 ) C ( 2 0 ) - 2 4 7 ( 1 0 ) 1 8 3 4 ( 9 ) - 1 3 3 ( 5 ) 4 2 ( 4 ) 
C ( 2 1 ) - 1 5 7 5 ( 1 0 ) 1 2 6 5 ( 1 0 ) - 6 ( 5 ) 4 7 ( 4 ) C ( 2 2 ) - 1 3 9 4 ( 1 2 ) 1 0 8 6 ( 1 1 ) 7 9 8 ( 6 ) 4 4 ( 5 ) 
0 ( 1 ) - 5 7 8 ( 8 ) 4 3 4 ( 8 ) 1 0 8 5 ( 4 ) 6 2 ( 4 ) 0 ( 2 ) - 1 9 5 4 ( 8 ) 1 6 6 7 ( 8 ) 1 1 5 5 ( 4 ) 6 1 ( 4 ) 
P (2 ) 2 6 4 9 ( 3 ) 3 5 3 8 ( 3 ) 5 1 8 7 ( 1 ) 3 8 ( 1 ) C ( 2 3 ) 3 8 4 8 ( 1 1 ) 1 7 9 1 ( 1 1 ) 5 9 4 6 ( 6 ) 5 6 ( 5 ) 
C ( 2 4 ) 4 7 9 5 ( 1 2 ) 1 0 8 2 ( 1 2 ) 6 1 4 9 ( 7 ) 6 2 ( 6 ) C ( 2 5 ) 5 7 7 0 ( 1 2 ) 1 1 4 0 ( 1 3 ) 5 7 9 4 ( 7 ) 6 8 ( 6 ) 
C ( 2 6 ) 5 7 6 7 ( 1 2 ) 1 8 8 8 ( 1 2 ) 5 2 2 7 ( 7 ) 6 9 ( 6 ) C ( 2 7 ) 4 8 1 8 ( 1 1 ) 2 5 9 2 ( 1 1 ) 5 0 2 0 ( 6 ) 5 6 ( 5 ) 
C ( 2 8 ) 3 8 4 5 ( 1 0 ) 2 5 5 3 ( 1 0 ) 5 3 8 6 ( 5 ) 3 9 ( 4 ) C ( 2 9 ) 4 3 9 9 ( 1 1 ) 5 1 1 5 ( 1 2 ) 6 4 1 1 ( 6 ) 5 5 ( 5 ) 
C ( 3 0 ) 4 7 8 1 ( 1 4 ) 6 2 0 2 ( 1 3 ) 6 9 3 8 ( 7 ) 7 6 ( 6 ) C ( 3 1 ) 3 9 3 7 ( 1 4 ) 7 0 0 3 ( 1 4 ) 6 9 5 6 ( 7 ) 7 9 ( 7 ) 
C ( 3 2 ) 2 7 2 5 ( 1 3 ) 6 7 9 0 ( 1 2 ) 6 4 4 7 ( 7 ) 6 7 ( 6 ) C ( 3 3 ) 2 3 2 5 ( 1 2 ) 5 7 0 7 ( 1 1 ) 5 9 1 9 ( 6 ) 5 5 ( 5 ) 
C ( 3 4 ) 3 1 8 0 ( 1 1 ) 4 9 0 5 ( 1 0 ) 5 8 8 3 ( 5 ) 4 5 ( 4 ) C ( 3 5 ) 7 8 0 ( 1 1 ) 2 5 7 4 ( 1 1 ) 5 8 8 2 ( 6 ) 5 2 ( 5 ) 
C ( 3 6 ) - 3 1 0 ( 1 2 ) 1 7 7 5 ( 1 2 ) 5 9 3 8 ( 7 ) 6 5 ( 6 ) C ( 3 7 ) -1 1 8 2 ( 1 1 ) 1 0 0 8 ( 1 0 ) 5 3 2 2 ( 7 ) 5 3 ( 5 ) 
C ( 3 8 ) - 9 3 2 ( 1 0 ) 1 1 1 2 ( 1 0 ) 4 6 4 7 ( 7 ) 5 4 ( 5 ) C ( 3 9 ) 2 1 4 ( 1 0 ) 1 8 9 9 ( 1 0 ) 4 5 9 0 ( 5 ) 4 3 ( 4 ) 
C ( 4 0 ) 1 0 7 2 ( 9 ) 2 6 4 6 ( 1 0 ) 5 2 1 4 ( 6 ) 3 9 ( 4 ) C ( 4 1 ) 2 5 4 2 ( 1 0 ) 4 0 3 2 ( 1 0 ) 4 2 9 0 ( 5 ) 4 2 ( 4 ) 
C ( 4 2 ) 1 5 8 5 ( 1 0 ) 4 9 0 3 ( 1 0 ) 4 0 1 4 ( 5 ) 4 4 ( 4 ) C ( 4 3 ) 1 3 9 7 ( 1 1 ) 5 0 1 2 ( 1 0 ) 3 1 9 7 ( 5 ) 4 9 ( 5 ) 
C ( 4 4 ) 7 4 7 ( 1 1 ) 3 7 0 8 ( 1 1 ) 2 7 0 6 ( 6 ) 4 7 ( 5 ) 0 ( 3 ) - 8 9 ( 7 ) 2 9 5 0 ( 7 ) 2 9 3 0 ( 4 ) 5 8 ( 3 ) 
0 ( 4 ) 1 1 0 7 ( 9 ) 3 4 5 7 ( 8 ) 2 1 5 9 ( 4 ) 7 4 ( 4 ) 
Complex 4 . 2 . 1 2 
C d ( l ) - 4 5 1 ( 1 ) 1 1 0 8 ( 1 ) 2 1 7 6 ( 1 ) 4 7 ( 1 ) 1(1) - 2 5 7 5 ( 1 ) - 2 4 4 ( 1 ) 2 5 5 2 ( 1 ) 5 7 ( 1 ) 
I (2) 1 9 1 1 ( 1 ) 3 9 9 ( 1 ) 2 8 9 7 ( 1 ) 7 3 ( 1 ) P(1) 2 1 1 7 ( 3 ) 3 7 9 4 ( 3 ) 3 0 1 ( 2 ) 4 2 ( 1 ) 
C ( 1 ) 4 0 2 0 ( 1 5 ) 5 7 4 5 ( 1 3 ) 1 1 3 5 ( 9 ) 7 6 ( 7 ) C(2 ) 4 5 1 2 ( 1 8 ) 6 8 6 4 ( 1 7 ) 1 6 0 7 ( 1 0 ) 1 0 4 ( 9 ) 
C ( 3 ) 3 6 6 6 ( 1 8 ) 7 4 3 0 ( 1 5 ) 1 9 0 0 ( 9 ) 8 1 ( 8 ) C(4 ) 2 3 6 3 ( 1 6 ) 6 9 0 4 ( 1 2 ) 1 7 4 3 ( 7 ) 6 2 ( 7 ) 
C ( 5 ) 1 8 8 8 ( 1 3 ) 5 7 6 8 ( 1 1 ) 1 2 6 9 ( 6 ) 4 7 ( 5 ) C(6) 2 6 9 1 ( 1 2 ) 5 1 8 9 ( 1 0 ) 9 4 9 ( 6 ) 4 3 ( 5 ) 
C ( 7 ) 1 9 0 2 ( 1 3 ) 3 1 9 0 ( 1 2 ) - 1 2 0 1 ( 7 ) 5 5 ( 6 ) C(8) 1 8 3 2 ( 1 5 ) 3 4 3 8 ( 1 3 ) - 1 9 0 4 ( 7 ) 6 7 ( 7 ) 
C ( 9 ) 1 9 8 5 ( 1 5 ) 4 6 7 1 ( 1 4 ) - 2 0 3 3 ( 8 ) 7 0 ( 7 ) C ( 1 0 ) 2 2 2 7 ( 1 4 ) 5 6 2 7 ( 1 4 ) - 1 4 6 6 ( 8 ) 6 6 ( 7 ) 
C ( 1 1 ) 2 2 9 8 ( 1 2 ) 5 3 5 4 ( 1 1 ) - 7 4 7 ( 7 ) 5 1 ( 6 ) C ( 1 2 ) 2 1 3 2 ( 1 2 ) 4 1 4 7 ( 1 0 ) - 6 1 2 ( 6 ) 4 2 ( 5 ) 
C ( l 3 ) 4 1 2 6 ( 1 3 ) 2 5 8 0 ( 1 2 ) 2 1 1 ( 8 ) 6 2 ( 6 ) C ( 1 4 ) 4 9 5 8 ( 1 4 ) 1 7 5 9 ( 1 5 ) 4 1 5 ( 9 ) 7 7 ( 8 ) 
C ( 1 5 ) 4 8 3 2 ( 1 4 ) 1 1 1 6 ( 1 2 ) 1003(9 ) 6 5 ( 7 ) C ( 1 6 ) 3 8 6 0 ( 1 3 ) 1 2 5 5 ( 1 2 ) 1 3 3 7 ( 8 ) 6 0 ( 6 ) 
C ( 1 7 ) 3 0 2 1 ( 1 2 ) 2 0 5 3 ( 1 1 ) 1122(7 ) 4 9 ( 5 ) C ( 1 8 ) 3 1 6 5 ( 1 1 ) 2 7 1 3 ( 1 0 ) 5 6 2 ( 7 ) 4 1 ( 5 ) 
C ( 1 9 ) 4 7 2 ( 1 1 ) 3 1 4 9 ( 1 0 ) 2 9 8 ( 6 ) 4 1 ( 5 ) C ( 2 0 ) - 1 0 5 ( 1 2 ) 1 9 0 6 ( 1 1 ) - 2 1 4 ( 7 ) 5 1 ( 5 ) 
C ( 2 1 ) - 1 4 0 9 ( 1 1 ) 1 3 0 9 ( 1 2 ) - 1 0 9 ( 7 ) 51 (5 ) C ( 2 2 ) - 1 2 6 4 ( 1 2 ) 1 1 6 0 ( 1 1 ) 6 9 4 ( 7 ) 4 3 ( 5 ) 
0 ( 1 ) - 4 1 2 ( 1 0 ) 5 9 0 ( 9 ) 1000(5) 6 8 ( 4 ) 0 ( 2 ) - 1 9 2 6 ( 9 ) 1 6 4 5 ( 9 ) 1 0 5 0 ( 5 ) 6 8 ( 4 ) 
P(2) 2 6 4 7 ( 3 ) 3 5 5 7 ( 3 ) 5 1 7 3 ( 2 ) 3 8 ( 1 ) C ( 2 3 ) 3 8 2 7 ( 1 2 ) 1 8 1 6 ( 1 2 ) 5 8 7 8 ( 7 ) 5 6 ( 6 ) 
C ( 2 4 ) 4 7 9 3 ( 1 5 ) 1 1 3 5 ( 1 3 ) 6 0 8 3 ( 8 ) 7 1 ( 7 ) C ( 2 5 ) 5 7 6 8 ( 1 6 ) 1 2 2 6 ( 1 5 ) 5 7 3 1 ( 9 ) 8 5 ( 8 ) 
C ( 2 6 ) 5 7 5 8 ( 1 5 ) 1 9 6 5 ( 1 5 ) 5 1 6 1 ( 9 ) 8 1 ( 8 ) C(27) 4 7 9 9 ( 1 4 ) 2 6 5 5 ( 1 2 ) 4 9 7 7 ( 8 ) 6 3 ( 7 ) 
C ( 2 8 ) 3 8 3 1 ( 1 2 ) 2 5 9 6 ( 1 0 ) 5 3 3 9 ( 7 ) 4 2 ( 5 ) C ( 2 9 ) 4 3 8 3 ( 1 3 ) 5 1 1 4 ( 1 2 ) 6 4 0 6 ( 7 ) 5 3 ( 6 ) 
C ( 3 0 ) 4 7 7 5 ( 1 5 ) 6 1 6 4 ( 1 4 ) 6 9 3 8 ( 8 ) 7 4 ( 7 ) C ( 3 1 ) 3 9 7 7 ( 1 8 ) 6 9 9 1 ( 1 4 ) 6 9 5 9 ( 9 ) 8 1 ( 8 ) 
C ( 3 2 ) 2 7 6 1 ( 1 5 ) 6 7 6 9 ( 1 2 ) 6 4 6 9 ( 8 ) 6 2 ( 7 ) C ( 3 3 ) 2 3 5 9 ( 1 3 ) 5 7 3 4 ( 1 2 ) 5 9 2 0 ( 8 ) 5 7 ( 6 ) 
C ( 3 4 ) 3 1 8 6 ( 1 1 ) 4 8 8 1 ( 1 0 ) 5 8 8 5 ( 6 ) 3 8 ( 5 ) C ( 3 5 ) 8 4 6 ( 1 2 ) 2 7 0 8 ( 1 1 ) 5 8 9 6 ( 7 ) 4 8 ( 5 ) 
C ( 3 6 ) - 2 3 0 ( 1 3 ) 1 9 0 6 ( 1 4 ) 5 9 7 6 ( 8 ) 6 0 ( 6 ) C ( 3 7 ) - 1 0 6 9 ( 1 3 ) 1 1 2 1 ( 1 2 ) 5 3 6 2 ( 8 ) 5 7 ( 6 ) 
C ( 3 8 ) - 8 4 6 ( 1 2 ) 1 1 6 4 ( 1 2 ) 4 6 6 9 ( 8 ) 58 (6 ) C ( 3 9 ) 2 3 7 ( 1 3 ) 1 9 4 2 ( 1 1 ) 4 5 9 5 ( 7 ) 5 1 ( 6 ) 
C ( 4 0 ) 1 1 3 8 ( 1 1 ) 2 7 0 4 ( 1 1 ) 5 2 2 3 ( 7 ) 4 0 ( 5 ) C ( 4 1 ) 2 5 2 4 ( 1 1 ) 3 9 9 5 ( 1 1 ) 4 2 7 2 ( 7 ) 4 7 ( 5 ) 
C ( 4 2 ) 1 5 3 7 ( 1 2 ) 4 8 2 9 ( 1 0 ) 3 9 9 7 ( 6 ) 4 4 ( 5 ) C(43) 1 3 4 7 ( 1 3 ) 4 9 0 6 ( 1 1 ) 3 1 8 1 ( 7 ) 5 4 ( 6 ) 
C ( 4 4 ) 7 6 1 ( 1 2 ) 3 6 7 1 ( 1 2 ) 2 6 9 4 ( 7 ) 4 6 ( 6 ) 0 ( 3 ) -80 (8 ) 2 9 4 5 ( 7 ) 2 8 9 1 ( 5 ) 5 2 ( 4 ) 
0 ( 4 ) 1 1 2 2 ( 1 0 ) 3 4 1 3 ( 9 ) 2 1 3 1 ( 5 ) 6 9 ( 4 ) 
Complex 4 . 2 . 1 3 
C d ( l ) 5 5 6 2 ( 1 ) 3 4 3 6 ( 1 ) 2 3 8 0 ( 1 ) 4 5 ( 1 ) P(I ) 4 4 8 ( 1 ) 2 8 4 7 ( 1 ) 2 3 6 2 ( 1 ) 4 4 ( 1 ) 
C ( 1 ) 1 1 6 7 ( 3 ) 4 9 7 6 ( 3 ) 3 1 7 2 ( 3 ) 59(1) C(2) 1331(3) 6 0 6 4 ( 3 ) 3 2 0 3 ( 3 ) 6 9 ( 1 ) 
C ( 3 ) 9 1 5 ( 3 ) 6 3 7 7 ( 3 ) 2 5 1 3 ( 3 ) 7 0 ( 1 ) C(4) 3 2 1 ( 3 ) 5 6 1 8 ( 3 ) 1 7 8 1 ( 3 ) 7 2 ( 1 ) 
C ( 5 ) 125(3 ) 4 5 3 6 ( 3 ) 1734(3) 6 4 ( 1 ) C(6) 5 4 0 ( 3 ) 4 1 9 6 ( 3 ) 2 4 1 8 ( 3 ) 4 6 ( 1 ) 
C(7 ) - 4 4 4 ( 3 ) 2 4 5 2 ( 3 ) 3 5 3 2 ( 3 ) 6 6 ( 1 ) C(8) - 5 3 3 ( 3 ) 2 1 1 2 ( 3 ) 4 2 0 7 ( 3 ) 8 1 ( 1 ) 
C ( 9 ) 2 1 9 ( 3 ) 1 7 4 2 ( 3 ) 4 6 4 8 ( 3 ) 8 6 ( 1 ) C(10) 丨042(3) 1 6 8 4 ( 3 ) 4 4 0 3 ( 3 ) 8 6 ( 1 ) 
C ( 1 1 ) 1 1 5 3 ( 3 ) 2 0 1 5 ( 3 ) 3 7 1 4 ( 3 ) 6 8 ( 1 ) C(12) 4 0 8 ( 3 ) 2 4 0 9 ( 3 ) 3 2 7 5 ( 3 ) 4 9 ( 1 ) 
C ( 1 3 ) - 2 0 2 7 ( 3 ) 1750(3 ) 1346(3 ) 6 0 ( 1 ) C(14) - 3 0 7 6 ( 3 ) 9 1 3 ( 3 ) 6 9 7 ( 3 ) 7 5 ( 1 ) 
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Atomic Coordinates (x 10” and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) (continued) 
C ( 1 5 ) - 3 0 3 4 ( 3 ) 155(3) 2 2 2 ( 3 ) 7 5 ( 1 ) C ( 1 6 ) - 1 9 3 0 ( 3 ) 2 0 5 ( 3 ) 3 9 1 ( 3 ) 7 1 ( 1 ) 
C ( 1 7 ) - 8 7 0 ( 3 ) 1 0 2 7 ( 3 ) 1019 (3 ) 5 8 ( 1 ) C ( 1 8 ) - 8 9 8 ( 3 ) 1815 (3 ) 1 5 0 9 ( 3 ) 4 7 ( 1 ) 
C ( 1 9 ) 1 8 0 1 ( 3 ) 3 0 0 5 ( 3 ) 2 2 6 2 ( 3 ) 4 9 ( 1 ) C ( 2 0 ) 2 9 9 6 ( 3 ) 4 0 2 0 ( 3 ) 2 8 8 6 ( 3 ) 5 4 ( 1 ) 
C ( 2 1 ) 4 0 7 1 ( 3 ) 4 0 3 9 ( 3 ) 2 7 8 2 ( 3 ) 4 7 ( 1 ) 0 ( 1 ) 4 5 9 0 ( 3 ) 4 6 9 0 ( 3 ) 2 4 2 1 ( 2 ) 7 7 ( 1 ) 
0 ( 2 ) 4 3 6 2 ( 3 ) 3 3 3 6 ( 3 ) 3 0 5 0 ( 2 ) 6 8 ( 1 ) P(2) 5 2 6 8 ( 1 ) - 1 5 4 6 ( 1 ) 2 8 7 7 ( 1 ) 4 6 ( 1 ) 
C ( 2 2 ) 4 7 4 3 ( 3 ) - 1 7 8 7 ( 3 ) 4 2 1 8 ( 3 ) 6 6 ( 1 ) C ( 2 3 ) 4 6 6 0 ( 3 ) - 2 2 6 4 ( 3 ) 4 8 6 9 ( 3 ) 7 6 ( 1 ) 
C ( 2 4 ) 4 9 8 9 ( 3 ) - 3 0 6 7 ( 3 ) 5 0 3 0 ( 3 ) 80 (1 ) C(25) 5 3 7 3 ( 3 ) - 3 4 4 2 ( 3 ) 4 5 2 7 ( 3 ) 7 2 ( 1 ) 
C ( 2 6 ) 5 4 5 4 ( 3 ) - 2 9 8 1 ( 3 ) 3 8 8 0 ( 3 ) 6 0 ( 1 ) C(27) 5 1 4 9 ( 3 ) - 2 1 5 3 ( 3 ) 3 7 1 3 ( 3 ) 4 5 ( 1 ) 
C ( 2 8 ) 3 1 4 2 ( 3 ) - 2 0 2 9 ( 3 ) 1531(3 ) 6 9 ( 1 ) C(29) 2 1 4 8 ( 3 ) - 2 7 4 1 ( 3 ) 8 1 5 ( 3 ) 9 8 ( 1 ) 
C ( 3 0 ) 1 9 0 5 ( 4 ) - 3 8 0 9 ( 4 ) 5 6 4 ( 3 ) 109(1) C(31) 2 6 3 7 ( 3 ) - 4 2 1 1 ( 3 ) 9 9 7 ( 3 ) 8 5 ( 1 ) 
C ( 3 2 ) 3 6 3 2 ( 3 ) - 3 5 2 2 ( 3 ) 1703(3 ) 6 5 ( 1 ) C(33) 3 9 1 5 ( 3 ) - 2 4 0 8 ( 3 ) 1973(3 ) 5 2 ( 1 ) 
C ( 3 4 ) 7 6 6 4 ( 3 ) - 1 0 9 1 ( 3 ) 3 3 7 4 ( 3 ) 6 1 ( 1 ) C(35) 8 6 7 0 ( 3 ) - 9 9 5 ( 3 ) 3 2 4 0 ( 3 ) 7 8 ( 1 ) 
C ( 3 6 ) 8 5 5 2 ( 3 ) - 1 2 4 2 ( 3 ) 2 4 7 3 ( 3 ) 83 (1 ) C(37) 7 4 5 5 ( 3 ) - 1 5 9 2 ( 3 ) 1819(3 ) 7 6 ( 1 ) 
C ( 3 8 ) 6 4 5 6 ( 3 ) - 1 7 0 6 ( 3 ) 1945(3) 6 5 ( 1 ) C(39) 6 5 4 7 ( 3 ) - 1 4 6 6 ( 3 ) 2 7 1 3 ( 3 ) 4 7 ( 1 ) 
C ( 4 0 ) 5 5 1 8 ( 3 ) - 1 3 4 ( 3 ) 3 0 8 0 ( 3 ) 59 (1 ) C(41) 5 9 4 7 ( 3 ) 5 3 6 ( 3 ) 2 4 9 3 ( 3 ) 6 3 ( 1 ) 
C ( 4 2 ) 5 9 1 9 ( 3 ) 1634(3 ) 2 5 2 8 ( 3 ) 58 (1 ) 0 ( 3 ) 6 3 8 2 ( 3 ) 2 2 8 2 ( 3 ) 2 1 3 5 ( 3 ) 9 7 ( 1 ) 
0 ( 4 ) 5 4 2 4 ( 3 ) 1831 (3 ) 2 9 2 1 ( 2 ) 7 8 ( 1 ) C(43) 8 3 2 2 ( 4 ) 4 4 8 7 ( 4 ) 3 7 2 1 ( 4 ) 193(1 ) 
C ( 4 4 ) 7 3 7 9 ( 4 ) 5 4 2 3 ( 4 ) 3 9 8 9 ( 3 ) 145(1) N ( 1 ) 7 5 0 4 ( 3 ) 4 8 8 8 ( 3 ) 3 3 5 8 ( 3 ) 8 4 ( 1 ) 
C ( 4 5 ) 7 9 2 6 ( 4 ) 5 6 2 8 ( 4 ) 2 8 9 9 ( 4 ) 2 3 7 ( 1 ) C(46) 7 6 2 7 ( 4 ) 5 4 6 5 ( 4 ) 2 1 2 8 ( 3 ) 179(1) 
N ( 2 ) 6 3 6 9 ( 3 ) 4 5 7 2 ( 3 ) 1560(3) 83(1) C(47) 6 4 2 8 ( 4 ) 3 9 1 5 ( 4 ) 9 4 8 ( 3 ) 189(1) 
C ( 4 8 ) 5 6 9 4 ( 4 ) 5 1 2 0 ( 3 ) 1168(3) 112(1) CI(1) - 1 0 8 9 ( 2 ) - 2 4 8 8 ( 1 ) 3 1 2 ( 1 ) 7 3 ( 1 ) 
0 ( 5 ) - 3 7 6 ( 4 ) - 1 2 8 9 ( 3 ) 500 (3 ) 103(1) 0 ( 6 ) -985 (4 ) - 2 8 5 6 ( 4 ) 1041(3 ) 162(1 ) 
0 ( 7 ) - 2 3 2 7 ( 4 ) - 2 8 7 3 ( 4 ) -219 (4 ) 189(1) 0 ( 8 ) -679 (3 ) - 3 0 4 6 ( 3 ) -66 (3 ) 145(1 ) 
0 ( 5 . ) - 8 9 8 ( 4 ) - 1 5 2 5 ( 3 ) -3?(3) 166(1) 0 ( 6 ' ) - 347 (4 ) - 2 0 9 6 ( 4 ) 1160(3 ) 158(1) 
0 ( 7 . ) - 2 3 4 5 ( 3 ) - 3 0 4 4 ( 4 ) 172(3) 111(1) Cl(2) - 2 1 1 5 ( 2 ) 9 9 0 ( 1 ) - 4 3 5 1 ( 1 ) 7 1 ( 1 ) 
0 ( 9 ) - 8 8 8 ( 3 ) 1792(3) - 3 8 6 0 ( 3 ) 144(1) 0 ( 1 0 ) - 2 8 5 6 ( 3 ) 6 6 1 ( 3 ) - 3 9 1 9 ( 3 ) 134(1) 
0 ( 1 1 ) - 2 5 8 4 ( 3 ) 1532(3) - 4 9 1 0 ( 3 ) 157(1) 0 ( 1 2 ) - 2 1 8 4 ( 3 ) 9 4 ( 3 ) - 4 8 0 4 ( 3 ) 141(1) 
0 ( 1 W ) 3 7 1 9 ( 3 ) 2 1 9 7 ( 3 ) 1255(2) 79 (1 ) 0 ( 2 W ) 2 7 5 0 ( 3 ) 11 11(3) 3 0 5 3 ( 3 ) 131(1) 
0 ( 3 W ) 2 0 8 8 ( 4 ) 2 7 0 ( 4 ) 1499(3) 2 6 8 ( 1 ) 
Atoms 0 ( 5 ) - 0 ( 7 ) and 0 ( 5 ' ) - 0 ( 7 ' ) , which represent two orientations o f t h e perchlorate group about the C l ( l ) - 0 ( 8 ) bond, each has 
half site occupancy. 
Complex 4 .2 .14 
C d ( l ) 3 3 3 8 ( 1 ) 1957(1) 1303(1) 54(1) I(1) 3 0 0 5 ( 1 ) -405 (1 ) 1183(1) 8 7 ( 1 ) 
I(2) 2 4 3 7 ( 1 ) 2 4 8 0 ( 1 ) -497(1 ) 86(1) P(1) 1246(3) 6 1 0 9 ( 3 ) 2 5 2 8 ( 2 ) 5 9 ( 2 ) 
C(1 ) 1714(11) 8 3 4 0 ( 1 4 ) 3 0 3 0 ( 1 0 ) 84(8) C(2) 2 1 1 8 ( 1 3 ) 9 1 4 2 ( 1 6 ) 3 6 0 0 ( 1 1 ) 106(10) 
C(3) 2 7 8 5 ( 1 2 ) 8 8 2 9 ( 1 9 ) 4 3 7 2 ( 1 3 ) 111(11) C(4) 2 9 6 7 ( 1 3 ) 7 7 0 5 ( 1 8 ) 4 5 2 4 ( 1 1 ) 118(10) 
C(5) 2 5 3 0 ( 9 ) 6 8 8 4 ( 1 5 ) 3 9 5 0 ( 1 0 ) 85(8) C(6) 1898(9) 7 1 9 8 ( 1 3 ) 3 2 0 9 ( 8 ) 6 1 ( 6 ) 
C(7 ) 1279(12) 7 2 0 5 ( 1 2 ) 1100(10) 79(9) C(8) 9 8 7 ( 1 8 ) 7 4 2 5 ( 1 6 ) 2 4 2 ( 1 3 ) 119(13) 
C(9 ) 2 1 4 ( 2 1 ) 7 0 1 5 ( 2 0 ) -276 (12 ) 130(15) C(10) -310(14) 6 4 6 5 ( 2 0 ) 4 4 ( 1 2 ) 114(11) 
C ( 1 1 ) - 3 2 ( 1 1 ) 6 1 8 2 ( 1 4 ) 9 0 9 ( 1 0 ) 78(8) C(12) 7 8 4 ( 1 2 ) 6 5 9 1 ( 1 3 ) 1427(9) 6 9 ( 7 ) 
C ( 1 3 ) 6 3 0 ( 1 2 ) 4 9 4 0 ( 1 3 ) 3 5 4 7 ( 9 ) 82(8) C(14) 40 (17 ) 4 6 9 2 ( 1 6 ) 3 9 1 3 ( 1 2 ) 101(11) 
C ( 1 5 ) - 6 9 9 ( 1 7 ) 5 3 1 3 ( 2 1 ) 3 6 9 2 ( 1 3 ) 103(13) C(16) -922 (10 ) 6 1 2 4 ( 1 7 ) 3 0 7 6 ( 1 2 ) 8 6 ( 9 ) 
C ( 1 7 ) . 3 2 3 ( 1 0 ) 6 3 6 5 ( 1 3 ) 2 6 9 3 ( 9 ) 69 (7 ) C(18) 4 1 3 ( 9 ) 5 7 5 2 ( 1 2 ) 2 9 3 2 ( 8 ) 5 5 ( 6 ) 
C ( 1 9 ) 1835(10) 4 7 7 8 ( 1 2 ) 2 4 8 7 ( 1 0 ) 77 (4 ) C(20) 2 5 1 0 ( 1 1 ) 4 9 8 6 ( 1 5 ) 2 1 3 0 ( 1 2 ) 104 (10 ) 
C ( 2 1 ) 2 7 9 9 ( 1 1 ) 3 9 3 3 ( 1 4 ) 1861(8) 58(7) 0 ( 1 ) 2 4 2 4 ( 6 ) 2 9 5 8 ( 1 0 ) 1827(6) 7 3 ( 5 ) 
0 ( 2 ) 3 4 0 9 ( 8 ) 4 0 1 0 ( 9 ) 1635(7) 91 (6 ) C(22) 4 4 9 4 ( 1 1 ) 2 8 2 8 ( 1 2 ) 3 3 6 6 ( 9 ) 8 8 ( 8 ) 
C ( 2 3 ) 4 0 8 5 ( 1 3 ) 9 4 1 ( 1 4 ) 3318 (9 ) 109(10) N(1 ) 4 3 6 2 ( 8 ) 1816(11) 2 8 6 1 ( 7 ) 7 1 ( 6 ) 
C ( 2 4 ) 5 1 2 0 ( 1 2 ) 1402(20) 2 7 6 3 ( 1 0 ) 115(10) C(25) 5 3 8 7 ( 1 0 ) 2 0 8 8 ( 1 7 ) 2 1 6 5 ( 1 1 ) 101(9) 
N ( 2 ) 4 7 3 8 ( 7 ) 2 0 7 1 ( 1 1 ) 1257(7) 69(6) C(26) 4 8 8 1 ( 1 0 ) 1090(14) 7 8 0 ( 1 0 ) 9 1 ( 9 ) 
C ( 2 7 ) 4 8 0 5 ( 1 0 ) 3 1 3 0 ( 1 2 ) 820(10) 84(9) 
Complex 4.3.1 
Z n ( l ) 0 0 0 46 (1 ) 0 ( 1 W ) 2 0 7 9 ( 5 ) 872(4 ) - 3 9 6 ( 2 ) 4 1 ( 2 ) 
P(1) 5 3 6 0 ( 2 ) -944(2 ) 2 3 4 1 ( 1 ) 37(1) C(1) 4 7 1 9 ( 1 0 ) 2 8 8 ( 8 ) 3 6 0 0 ( 5 ) 6 6 ( 5 ) 
C(2) 3 9 2 0 ( 1 3 ) 4 8 1 ( 1 0 ) 4 2 0 5 ( 5 ) 86(6) C(3) 2 6 9 4 ( 1 3 ) - 3 7 9 ( 1 2 ) 4 3 3 4 ( 5 ) 8 1 ( 6 ) 
C(4) 2 2 3 2 ( 1 1 ) - 1 4 0 4 ( 9 ) 3 8 6 I ( 6 ) 78(5) C(5) 3 0 3 7 ( 1 1 ) -1582(8 ) 3 2 5 5 ( 5 ) 6 1 ( 5 ) 
C(6) 4 2 9 4 ( 9 ) -752(7 ) 3125 (4 ) 38(4) C(7) 4 5 2 7 ( 1 0 ) - 2 8 4 1 ( 8 ) 1202(5) 6 7 ( 5 ) 
C(8) 4 2 7 2 ( 1 2 ) -3968(9 ) 910(6 ) 90 (6 ) C(9) 4 4 5 5 ( 1 1 ) - 4 6 3 9 ( 9 ) 1335(7) 82 (6 ) 
C( lO) 4 8 8 8 ( 1 0 ) -4205(8 ) 2065 (6 ) 70(5) C(11) 5141(9 ) -3100(7 ) 2 3 7 2 ( 5 ) 5 3 ( 4 ) 
C(12) 4 9 5 0 ( 8 ) - 2 3 9 7 ( 6 ) 1943(4) 38(3) C(13) 7 8 8 4 ( 1 0 ) -255(7 ) 3 3 4 6 ( 4 ) 51 (4 ) 
C(14) 9 4 3 6 ( 1 0 ) 195(7) 3 5 7 7 ( 5 ) 59(4) C(15) 10455(10) 621 (7 ) 3 1 0 3 ( 5 ) 55 (4 ) 
C ( 1 6 ) 9 9 6 6 ( 1 0 ) 580(7) 2395 (5 ) 54(4) C(17) 8432 (10 ) 123(6) 2 1 6 6 ( 4 ) 4 4 ( 4 ) 
C(18) 7 3 6 1 ( 8 ) - 3 0 0 ( 5 ) 2 6 4 1 ( 4 ) 33 (3) C(19) 4 8 4 9 ( 9 ) - 277(6 ) 1683(4) 4 7 ( 4 ) 
C(20) 3 0 8 8 ( 9 ) -604(7) 1535(4) 56(4) C(21) 2 6 0 7 ( 1 2 ) -157(8) 9 2 6 ( 5 ) 53(5) 
0 ( 1 ) 1216(7) -358(4 ) 796(3 ) 53(3) 0 ( 2 ) 3639 (8 ) 397 (8 ) 6 0 8 ( 4 ) 125(5) 
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Atomic Coordinates (x 10” and equivalent isotropic thermal parameters 
Ueq (A^ X 10 3) {continued) 
P(2) -1331(2) 4122(2) 2333(1) 38(1) C(22) -293(11) 3808(8) 3616(5) 69(5) 
C(23) 739(14) 4040(11) 4215(5) 88(7) C(24) 2061(14) 4943(11) 4315(5) 80(6) 
C(25) 2388(11) 5594(8) 3814(6) 75(5) C(26) 1366(10) 5361(7) 3218(5) 58(4) 
C(27) 8(9) 4474(6) 3119(4) 40(4) C(28) -3619(10) 4064(7) 3293(5) 59(4) 
C(29) -5115(12) 3767(8) 3483(5) 70(5) C(30) -6287(11) 3073(8) 2967(7) 72(5) 
C(31) -5957(11) 2664(7) 2274(6) 70(5) C(32) -4467(10) 2941(7) 2081(5) 56(4) 
C(33) -3267(9) 3650(6) 2592(4) 40(4) C(34) -1212(10) 5199(7) 1198(5) 65(5) 
C(35) -1103(12) 6122(10) 920(5) 86(6) C(36) -909(11) 7140(9) 1379(6) 74(5) 
C(37) -836(10) 7253(7) 2119(6) 66(5) C(38) -934(9) 6340(7) 2405(4) 52(4) 
C(39) -1102(8) 5307(6) 1950(4) 38(3) C(40) -1010(9) 3009(6) 1674(4) 46(4) 
C(41) 610(9) 3314(6) 1426(4) 52(4) C(42) 868(10) 2427(7) 811(4) 44(4) 
0 ( 3 ) -49(6) 1437(4) 731(3) 47(2) 0 ( 4 ) 1966(7) 2753(4) 449(3) 74(3) 
C1(1) 7446(3) 7271(2) 4501(1) 82(1) 0 ( 5 ) 6888(17) 7081(13) 5165(6) 112(5) 
0 ( 6 ) 6552(19) 7120(16) 3873(7) 196(10) 0 ( 7 ) 8475(12) 6611(9) 4269(6) 70(4) 
0 ( 8 ) 8557(13) 8401(7) 4686(7) 93(4) 0(5') 8256(24) 6898(19) 3954(10) 282(17) 
0 ( 6 ' ) 6306(13) 6309(9) 4 6 9 5 ( 8 ) 1 0 4 ( 5 ) 0 ( 7 ) 6369(13) 7746(10) 4 2 3 2 ( 7 ) 9 3 ( 4 ) 
0(8 ' ) 8140(18) 7943(12) 5185(6) 132(6) 0 ( 2 W ) 6501(10) 1865(7) 277(4) 135(3) 
Atoms 0 ( 5 ) - 0 ( 8 ) and 0 ( 5 ) - 0 ( 8 ' ) belong to n two-fold disordered perchlorate anion and each has a site occupancy oiVi. 
Complex 4 .3 .2 
Zn(l) 5362(1) 4998(1) 7111(1) 41(1) Zn(2) 2352(1) 2601(1) 8160(1) 35(1) 
C1(1) 7299(1) 4055(1) 6703(1) 63(1) Cl(2) 5323(2) 6945(1) 6772(1) 63(1) 
Cl(3) 2518(1) 1043(1) 7720(1) 59(1) Cl(4) 960(1) 2547(1) 9218(1) 54(1) 
P(1) 4243(1) 2113(1) 10675(1) 32(1) C(1) 2389(5) 323(4) 10828(2) 45(2) 
C(2) 1760(5) -749(4) 11151(3) 56(2) C(3) 2240(5) -1438(4) 11738(3) 57(2) 
C(4) 3339(5) -1076(4) 11996(2) 51(2) C(5) 3985(5) -12(4) 11678(2) 44(2) 
C(6) 3510(4) 686(3) 11088(2) 33(1) C(7) 7030(5) 1419(4) 10716(2) 51(2) 
C(8) 8419(5) lM4(5) 10796(3) 67(2) C(9) 8766(6) 2475(5) 11042(3) 71(2) 
C(10) 7758(6) 3264(3) 11206(3) 70(2) C(11) 6349(5) 3167(4) 11121(2) 50(2) 
C(12) 5989(4) 2233(4) 10874(2) 36(1) C(13) 2785(5) 3I67(4) 11703(2) 49(2) 
C(14) 1860(5) 3975(4) 11957(3) 59(2) C(I5) I198(5) 4811(4) 11501(3) 62(2) 
C(16) 1431(5) 4829(4) 10790(3) 61(2) C(17) 2343(5) 4020(4) 10522(2) 48(2) 
C(18) 3039(4) 3189(3) 10974(2) 36(1) C(19) 4407(4) 2285(3) 9732(2) 37(1) 
C(20) 5172(5) 3390(3) 9273(2) 41(2) C(21) 4836(4) 3664(4) 8529(2) 35(1) 
0 ( 1 ) 4296(3) 2891(2) 8321(1) 40(1) 0 (2 ) 5141(4) 4661(2) 8159(1) 52(1) 
P(2) 1402(1) 7477(1) 5461(1) 34(1) C(22) -66(6) 7877(4) 4329(2) 57(2) 
C(23) -1214(7) 7750(5) 4015(3) 71(2) C(24) -2329(6) 7053(5) 4380(3) 65(2) 
C^25) -2320(6) 6449(5) 5068(3) 63(2) C(26) -1179(5) 6560(4) 5394(2) 53(2) 
C(27) -39(5) 7281(3) 5027(2) 38(2) C(28) 2901(5) 9542(4) 4874Q) 48(2) 
C(29) 3896(6) 10238(5) 4376(3) 66(2) C(30) 4726(6) 9796(5) 3846(3) 74(3) 
C(31) 4566(6) 8665(6) 3806(3) 72(2) CX32) 3581(5) 7954(4) 4306(2) 56(2) 
C(33) 2729(4) 8387(4) 4841(2) 38(2) C(34) -665(5) 8613(4) 6278(2) 49(2) 
C(35) -1108(6) 9161(4) 6823(3) 62(2) C(36) -194(7) 9269(4) 7270(3) 66(2) 
C(37) 1179(6) 8811(4) 7180(3) 59(2) C(38) 1647(5) 8254(4) 6641(2) 48(2) 
C(39) 730(5) 8158(3) 6178(2) 36(1) C(40) 2278(5) 6129(3) 5812(2) 43(2) 
C(41) 1413(5) 5342(3) 6478(2) 46(2) C(42) 2328(5) 4556(3) 6947(2) 39(2) 
0(3) 1659(3) 3959(3) 7512(2) 59(1) 0(4) 3672(3) 4543(3) 6753(2) 50(1) 
Complex 4 .3 .3 
Zn(l) 5337(1) 4983(1) 7147(1) 43(1) Zn(2) 2368(1) 2671(1) 8153(1) 39(1) 
Br(l) 7364(1) 3959(1) 6733(1) 65(1) Br(2) 5348(1) 7024(1) 6787(1) 61(1) 
Br(3) 2536(1) 1089(1) 7649(1) 60(1) Br(4) 863(1) 2525(1) 9254(1) 55(1) 
P(1) 4332(2) 2142(2) 10645(1) 35(1) C(1) 2518(9) 367(7) 10795(5) 48(4) 
C(2) 1901(10) -684(8) 11127(5) 59(4) C(3) 2386(12) -1351(8) 11714(5) 60(4) 
C(4) 3452(11) -964(8) 11961(5) 55(4) C(5) 4107(10) 70(8) 11631(4) 48(4) 
C(6) 3626(9) 749(7) 11049(4) 36(3) C(7) 7105(10) 1448(8) 10724(5) 54(4) 
C(8) 8468(10) 1599(11) 10842(5) 70(5) C(9) 8798(13) 2524(11) 11079(6) 77(6) 
C(10) 7750(12) 3315(10) 11197(6) 71(5) C(11) 6383(10) 3201(8) 11090(5) 54(4) 
C(12) 6030(9) 2253(7) 10853(4) 41(3) C(13) 2842(10) 3162(8) 11646(5) 52(4) 
C(14) 1906(10) 3965(9) 11897(5) 58(4) C(15) 1222(10) 4767(8) 11455(6) 62(5) 
C(16) 1494(10) 4800(8) 10753(6) 60(4) C(17) 2426(9) 4020(7) 10491(5) 47(4) 
C(18) 3115(8) 3208(7) 10939(4) 34(3) C(19) 4497(10) 2296(7) 9716(4) 44(3) 
C(20) 5228(9) 3390(7) 9272(4) 43(3) C(21) 4829(9) 3662(7) 8541(4) 38(3) 
0(1) 4295(6) 2909(5) 8347(3) 42(2) 0(2) 5136(7) 4650(5) 8174(3) 51(3) 
P(2) 1351(2) 7467(2) 5510(1) 38(1) C(22) -42(12) 7858(8) 4385(5) 65(5) 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) {coritinned) 
C ( 2 3 ) - 1 1 5 8 ( 1 3 ) 7 7 3 4 ( 1 0 ) 4 0 5 5 ( 6 ) 81 (5 ) C(24) - 2 2 4 3 ( 1 3 ) 6 9 7 7 ( 1 0 ) 4 4 0 2 ( 6 ) 7 3 ( 5 ) 
C ( 2 5 ) - 2 2 2 5 ( 1 1 ) 6 3 9 6 ( 1 0 ) 5 0 6 6 ( 6 ) 7 1 ( 5 ) C(26) - 1 1 3 5 ( 1 0 ) 6 5 1 7 ( 9 ) 5 4 0 7 ( 5 ) 5 9 ( 4 ) 
C ( 2 7 ) - 2 2 ( 9 ) 7 2 5 9 ( 7 ) 5 0 5 8 ( 4 ) 4 1 ( 3 ) C(28) 2 8 1 8 ( 1 0 ) 9 5 0 5 ( 8 ) 4 9 3 3 ( 5 ) 5 5 ( 4 ) 
C ( 2 9 ) 3 8 2 8 ( 1 2 ) 1 0 1 7 7 ( 9 ) 4 4 4 6 ( 6 ) 7 2 ( 5 ) C(30) 4 6 6 9 ( 1 2 ) 9 7 1 9 ( 1 1 ) 3 9 3 9 ( 6 ) 7 6 ( 5 ) 
C ( 3 1 ) 4 5 4 2 ( 1 1) 8 6 1 4 ( 1 1 ) 3 8 9 6 ( 5 ) 7 4 ( 5 ) C(32) 3 5 5 3 ( 1 1 ) 7 9 1 8 ( 9 ) 4 3 8 5 ( 5 ) 6 3 ( 4 ) 
C ( 3 3 ) 2 6 7 9 ( 9 ) 8 3 6 0 ( 7 ) 4 9 0 6 ( 4 ) 3 7 ( 3 ) C(34) - 7 4 5 ( 1 0 ) 8 5 8 2 ( 8 ) 6 2 8 9 ( 5 ) 5 3 ( 4 ) 
C ( 3 5 ) - 1 2 2 6 ( 1 2 ) 9 1 3 8 ( 9 ) 6 8 3 3 ( 5 ) 7 0 ( 5 ) C(36) - 3 2 8 ( 1 5 ) 9 2 3 6 ( 9 ) 7 2 7 6 ( 5 ) 7 4 ( 5 ) 
C(37) 1033(12) 8804(9) 7201(5) 63(5) C(38) 1523(10) 8255(8) 6670(5) 51(4) 
C(39) 626(9) 8155(7) 6209(4) 39(3) C(40) 2229(9) 6135(7) 5869(4) 42(3) 
C(41) 1385(10) 5381(7) 6524(4) 49(4) C(42) 2344(11) 4622(7) 6979(4) 41(4) 
0(3) 1673(7) 4055(5) 7545(3) 61(3) 0(4) 3643(7) 4590(5) 6784(3) 51(3) 
Complex 4 .3 .4 
H g ( l ) 1212(1 ) 6 1 1 7 ( 1 ) 5 8 0 1 ( 1 ) 6 4 ( 1 ) CI(1) 2 1 1 4 ( 6 ) 5 6 5 5 ( 3 ) 7 3 5 8 ( 3 ) 8 5 ( 2 ) 
Cip) -51(5) 7383(3) 5089(3) 73(2) P(1) 2417(4) 3327(2) 2501(3) 43(1) 
C(1) - 3 0 ( 1 9 ) 2 7 6 2 ( 1 2 ) 1225(13) 78 (8 ) C(2) - 1 1 8 3 ( 2 3 ) 2 2 3 9 ( 1 6 ) 9 2 8 ( 1 4 ) 1 0 0 ( 1 0 ) 
C(3 ) - 1 3 9 0 ( 2 1 ) 1482 (15 ) 1430(17) 88 (10 ) C(4) - 4 3 3 ( 2 4 ) 1328 (11 ) 2 2 5 9 ( 1 8 ) 8 9 ( 1 1 ) 
C(5 ) 7 7 2 ( 1 7 ) 1 8 7 6 ( 1 1 ) 2 6 0 8 ( 1 3 ) 68 (7 ) C(6) 9 4 9 ( 1 6 ) 2 6 0 5 ( 1 0 ) 2 0 6 9 ( 1 0 ) 5 0 ( 6 ) 
C(7 ) 5 0 0 2 ( 1 8 ) 2 7 2 4 ( 1 0 ) 3 6 5 8 ( 1 2 ) 63 (7 ) C(8) 6 1 4 9 ( 1 8 ) 2 1 4 5 ( 1 1 ) 3 8 7 2 ( 1 2 ) 6 3 ( 7 ) 
C(9 ) 6 3 0 0 ( 1 8 ) 1542 (12 ) 3 2 0 9 ( 1 3 ) 6 5 ( 8 ) C(IO) 5 2 8 3 ( 2 0 ) 1459 (10 ) 2 3 7 8 ( 1 3 ) 6 4 ( 8 ) 
C(11) 4120(17) 1986(9) 2187(10) 52(6) C(I2) 3936(15) 2632(9) 2808(10) 46(6) 
C(13) 1571(19) 4815(11) 1429(11) 63(7) C(14) 1612(21) 5424(12) 750(13) 74(9) 
C(15) 2588(25) 5325(13) 246(16) 95(11) C(16) 3513(24) 4612(14) 400(15) 97(11) 
C ( 1 7 ) 3 5 4 2 ( 1 9 ) 4 0 1 7 ( 1 1 ) 1118(13) 71 (8 ) C(18) 2 5 0 8 ( 1 7 ) 4 1 3 1 ( 9 ) 1622 (10 ) 5 0 ( 6 ) 
C(19) 2084(15) 3927(10) 3470(10) 51(6) C(20) 3041(18) 4714(9) 3857(10) 51(6) 
C ( 2 1 ) 2 4 8 0 ( 1 8 ) 5 2 4 2 ( 9 ) 4 5 7 4 ( 1 0 ) 4 5 ( 6 ) 0 ( 1 ) 1310(13) 5 0 1 7 ( 7 ) 4 7 0 6 ( 8 ) 6 9 ( 5 ) 
0 ( 2 ) 3 1 5 1 ( 1 3 ) 5 8 8 8 ( 7 ) 4 9 4 2 ( 8 ) 74 (5 ) 
Complex 4 .3 .5 
Hg(l) 1162(1) 6116(1) 5739(1) 56(1) I(1) 2233(1) 5796(1) 7483(1) 63(1) 
I(2) - 2 6 9 ( 2 ) 7 5 3 2 ( 1 ) 4 9 1 5 ( 1 ) 71(1) P(1) 2 4 2 1 ( 4 ) 3 3 7 1 ( 3 ) 2 5 3 6 ( 3 ) 3 8 ( 2 ) 
C(1 ) 2 2 0 ( 1 9 ) 2 6 3 3 ( 1 4 ) 1204(11) 58(8) C(2) - 8 3 0 ( 2 1 ) 1999(18) 9 1 1 ( 1 4 ) 8 2 ( 1 0 ) 
C(3) - 1 1 2 4 ( 2 2 ) 1400(15) 1484(16) 76 (10) C(4) -337 (22 ) 1358(14) 2 3 1 3 ( 1 5 ) 7 5 ( 1 0 ) 
C(5 ) 7 2 1 ( 2 1 ) 1986(14) 2 6 4 3 ( 1 2 ) 70(9) C(6) 1044(16) 2 6 2 3 ( 1 1 ) 2 1 1 3 ( 1 0 ) 4 1 ( 7 ) 
C(7) 4 9 5 0 ( 1 7 ) 2 8 2 3 ( 1 1 ) 3 6 6 0 ( 1 2 ) 47(7) C(8) 6 1 1 3 ( 2 0 ) 2 2 8 6 ( 1 2 ) 3 8 8 9 ( 1 3 ) 5 6 ( 8 ) 
C(9) 6 2 6 1 ( 1 8 ) 1648(12) 3 2 7 0 ( 1 4 ) 57(8) C(IO) 5 2 8 0 ( 2 1 ) 1530(12) 2 4 5 6 ( 1 2 ) 57 (8 ) 
C(11) 4 1 3 6 ( 1 7 ) 2 0 8 4 ( 1 1 ) 2 2 4 8 ( 1 1 ) 43 (7 ) C ( I 2 ) 3 9 1 8 ( 1 7 ) 2 7 2 7 ( 1 0 ) 2 8 2 8 ( 1 1 ) 4 2 ( 7 ) 
C(13) 1415 (20 ) 4 8 4 1 ( 1 4 ) 1462(12) 64 (9 ) C(14) 1370(22) 5 4 5 6 ( 1 5 ) 8 0 5 ( 1 3 ) 7 1 ( 9 ) 
C ( 1 5 ) 2 3 8 9 ( 2 2 ) 5 4 5 4 ( 1 3 ) 3 6 2 ( 1 3 ) 63 (9 ) C(16) 3 4 4 5 ( 2 4 ) 4 8 2 6 ( 1 5 ) 5 9 4 ( 1 6 ) 8 7 ( 1 2 ) 
C ( 1 7 ) 3 4 2 9 ( 2 1 ) 4 1 9 1 ( 1 3 ) 1266(13) 66 (9 ) C(18) 2 4 5 0 ( 1 7 ) 4 1 9 1 ( 1 0 ) 1698(10) 3 8 ( 6 ) 
C(19) 2093(15) 3939(10) 3470(9) 34(6) C(20) 2981(17) 4752(10) 3868(11) 44(7) 
C(21) 2404(20) 5276(12) 4547(11) 45(7) 0(1) 1299(13) 5027(8) 4664(8) 60(6) 
0 ( 2 ) 3 0 7 1 ( 1 3 ) 5 9 1 0 ( 9 ) 4 9 3 7 ( 9 ) 6 9 ( 6 ) 
Complex 4 .3 .6 
H g ( l ) 1120(1) 5 0 9 8 ( 1 ) 6 1 6 2 ( 1 ) 41 (1 ) CI(1) 77(3) 6 1 5 9 ( 3 ) 8 0 4 8 ( 3 ) 7 9 ( 1 ) 
Cl(2) 918(2) 6310(2) 4142(2) 45(1) P(1) 5626(2) 1558(2) 2126(2) 29(1) 
C(1) 2 6 4 2 ( 9 ) 1674(8) 3 3 0 8 ( 8 ) 42 (3 ) C(2) 1309(11) 1163(10) 3 7 0 1 ( 1 0 ) 6 3 ( 4 ) 
C(3) 1203(10) -22(9) 3381(8) 49(3) C(4) 2441(10) -734(8) 2686(8) 42(3) 
C(5) 3 7 6 7 ( 1 0 ) -269(7 ) 2 3 0 5 ( 7 ) 40 (3 ) C(6) 3 8 8 4 ( 8 ) 9 4 0 ( 7 ) 2 6 2 6 ( 6 ) 3 1 ( 2 ) 
C(7) 7 4 1 5 ( 1 0 ) -560 (8 ) 2 6 6 I ( 8 ) 46 (3 ) C(8) 8 4 0 7 ( 1 1 ) - 1 6 1 5 ( 8 ) 2 3 7 1 ( 1 0 ) 5 7 ( 4 ) 
C(9) 9 0 3 6 ( 1 0 ) - 1 9 1 3 ( 9 ) 1105(11) 62 (4 ) C(10) 8 6 7 7 ( 1 0 ) - 1 1 2 3 ( 9 ) 2 0 4 ( 1 0 ) 5 7 ( 4 ) 
C(11) 7 7 1 2 ( 9 ) -40(8) 529(8 ) 45 (3 ) C(12) 7 0 5 9 ( 8 ) 248 (7 ) 1741(7) 3 1 ( 3 ) 
C(13) 6 8 9 5 ( 1 0 ) 3 1 8 2 ( 8 ) 310 (8 ) 47 (3 ) C(14) 6 9 2 7 ( 1 2 ) 3 9 0 1 ( 9 ) - 7 3 8 ( 8 ) 55 (4 ) 
C(15) 5 8 1 9 ( 1 3 ) 4 0 0 0 ( 8 ) - 1 3 4 5 ( 8 ) 57(4) C(16) 4 5 7 1 ( 1 1 ) 3 4 0 5 ( 8 ) - 8 6 1 ( 7 ) 5 0 ( 3 ) 
C(17) 4 5 0 0 ( 1 0 ) 2 6 6 3 ( 8 ) 209 (8 ) 43 (3 ) C(18) 5654(8 ) 2 5 3 4 ( 7 ) 7 8 7 ( 7 ) 3 1 ( 2 ) 
C(19) 5 8 4 7 ( 9 ) 2 5 0 6 ( 7 ) 3 3 2 9 ( 7 ) 34(3) C(20) 5641 (10 ) 1924(8) 4 6 2 1 ( 7 ) 4 1 ( 3 ) 
C(21) 5411(9) 2936(7) 5606(7) 36(3) C(22) 3977(9) 3807(7) 5822(6) 35(3) 
0(1) 3825(7) 4696(6) 6509(6) 59(3) 0(2) 2982(6) 3591(6) 5333(5) 48(2) 
Complex 4.4.1 
C o ( l ) 0 0 0 3 1 ( 1 ) 0 ( 1 W ) 2121(4 ) 895(3 ) -403 (2 ) 4 0 ( 1 ) 
P(1) 5387(2) -933(1) 2343(1) 34(1)C(1) 4746(8) 306(6) 3601(4) 66(3) 
C(2) 3 9 2 6 ( 1 0 ) 476 (8 ) 4 2 1 3 ( 4 ) 85(4) CX3) 2694 (9 ) -378(8) 4 3 4 2 ( 4 ) 7 5 ( 4 ) 
C(4) 2242(9) -1398(7) 3867(4) 78(4)C(5) 3062(8) -1581(5) 3264(3) 57(3) 
C(6) 4 3 1 8 ( 6 ) -739(5) 3 1 2 8 ( 3 ) 3 9 ( 2 ) C ( 7 ) 4527 (8 ) -2826(6 ) 1198(3) 6 5 ( 3 ) 
223 
Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^ X 10 ” {continued) 
C ( 8 ) 4 2 7 8 ( 9 ) - 3 9 6 3 ( 6 ) 9 0 8 ( 4 ) 84 (4 ) C(9 ) 4 4 6 7 ( 8 ) - 4 6 2 7 ( 6 ) 1 3 4 0 ( 5 ) 7 9 ( 4 ) 
C ( 1 0 ) 4 9 2 0 ( 8 ) - 4 1 9 2 ( 5 ) 2 0 6 9 ( 5 ) 6 8 ( 3 ) C ( 1 1 ) 5 1 7 2 ( 7 ) - 3 0 8 9 ( 5 ) 2 3 7 2 ( 3 ) 5 2 ( 3 ) 
C ( 1 2 ) 4 9 7 1 ( 6 ) - 2 3 8 9 ( 4 ) 1938(3 ) 3 8 ( 2 ) C ( 1 3 ) 7 9 0 8 ( 6 ) - 2 6 1 ( 5 ) 3 3 4 6 ( 3 ) 4 7 ( 3 ) 
C ( 1 4 ) 9 4 6 5 ( 7 ) 195(5) 3 5 7 0 ( 3 ) 5 8 ( 3 ) C ( 1 5 ) 10499(7 ) 6 3 2 ( 5 ) 3 1 0 4 ( 3 ) 5 3 ( 3 ) 
C ( 1 6 ) 1 0 0 1 1 ( 6 ) 6 0 6 ( 5 ) 2 4 1 0 ( 3 ) 4 9 ( 3 ) C ( 1 7 ) 8 4 6 3 ( 6 ) 142(4) 2 1 6 8 ( 3 ) 4 1 ( 2 ) 
C ( 1 8 ) 7 3 9 4 ( 6 ) - 2 8 8 ( 4 ) 2 6 4 6 ( 3 ) 3 3 ( 2 ) C ( 1 9 ) 4 8 7 5 ( 6 ) - 2 6 0 ( 5 ) 1 6 8 4 ( 3 ) 4 4 ( 2 ) 
C ( 2 0 ) 3 1 3 1 ( 7 ) - 5 7 6 ( 5 ) 1543(3 ) 5 2 ( 3 ) C ( 2 1 ) 2 6 7 4 ( 7 ) - 1 1 7 ( 5 ) 9 3 2 ( 3 ) 4 8 ( 3 ) 
0 ( 1 ) 1264 (4 ) - 3 5 0 ( 3 ) 7 9 5 ( 2 ) 50 (2 ) 0 ( 2 ) 3 7 1 1 ( 6 ) 4 6 1 ( 6 ) 6 2 2 ( 3 ) 1 1 0 ( 3 ) 
P(2) - 1 3 1 4 ( 2 ) 4 1 3 8 ( 1 ) 2 3 3 8 ( 1 ) 3 5 ( 1 ) C ( 2 2 ) - 3 1 1 ( 8 ) 3 8 2 8 ( 6 ) 3 6 2 6 ( 4 ) 6 7 ( 3 ) 
C ( 2 3 ) 7 4 3 ( 1 0 ) 4 0 5 7 ( 8 ) 4 2 1 8 ( 4 ) 85(5) C(24) 2 0 5 2 ( 1 0 ) 4 9 5 6 ( 8 ) 4 3 2 4 ( 4 ) 7 8 ( 4 ) 
C ( 2 5 ) 2 4 1 1 ( 8 ) 5 5 9 9 ( 6 ) 3 8 1 2 ( 4 ) 7 6 ( 4 ) C(26) 1386(7) 5 3 8 0 ( 5 ) 3 2 2 0 ( 3 ) 5 6 ( 3 ) 
C ( 2 7 ) 16(6) 4 4 8 3 ( 5 ) 3 1 2 8 ( 3 ) 4 0 ( 2 ) C(28) - 3 6 1 0 ( 7 ) 4 0 7 8 ( 5 ) 3 3 0 3 ( 3 ) 5 4 ( 3 ) 
C ( 2 9 ) - 5 1 2 3 ( 9 ) 3 7 7 6 ( 6 ) 3 4 7 9 ( 4 ) 6 9 ( 3 ) C ( 3 0 ) - 6 2 9 3 ( 8 ) 3 0 7 7 ( 6 ) 2 9 5 9 ( 5 ) 7 2 ( 4 ) 
C ( 3 1 ) - 5 9 4 7 ( 8 ) 2 6 9 1 ( 5 ) 2 2 6 1 ( 4 ) 6 9 ( 3 ) C(32) - 4 4 4 1 ( 7 ) 2 9 6 1 ( 5 ) 2 0 8 0 ( 4 ) 5 5 ( 3 ) 
C ( 3 3 ) - 3 2 5 2 ( 6 ) 3 6 6 8 ( 4 ) 2 6 0 1 ( 3 ) 39 (2 ) C(34) - 1 2 0 1 ( 8 ) 5 2 1 3 ( 6 ) 1204(3) 6 6 ( 3 ) 
C ( 3 5 ) - 1 1 0 8 ( 1 0 ) 6 1 2 7 ( 7 ) 9 2 3 ( 4 ) 85 (4 ) C(36) -880 (8 ) 7 1 4 4 ( 6 ) 1374(5 ) 7 3 ( 4 ) 
C ( 3 7 ) - 8 0 3 ( 8 ) 7 2 6 5 ( 5 ) 2 1 1 1 ( 4 ) 6 3 ( 3 ) C ( 3 8 ) - 8 9 9 ( 7 ) 6 3 6 2 ( 5 ) 2 4 1 2 ( 3 ) 5 0 ( 3 ) 
C ( 3 9 ) - 1 0 6 8 ( 6 ) 5 3 3 1 ( 4 ) 1956(3) 3 9 ( 2 ) C ( 4 0 ) -993 (6 ) 3 0 3 0 ( 4 ) 1676(3 ) 4 3 ( 2 ) 
C ( 4 1 ) 6 3 9 ( 6 ) 3 3 3 5 ( 5 ) 1432(3) 50(2) C(42) 887 (7 ) 2 4 5 7 ( 5 ) 8 1 4 ( 3 ) 4 1 ( 2 ) 
0 ( 3 ) - 4 7 ( 4 ) 1465(3) 7 3 0 ( 2 ) 4 7 ( 2 ) 0 ( 4 ) 1987(5) 2 7 7 4 ( 3 ) 4 4 4 ( 2 ) 7 1 ( 2 ) 
C1(1) 7 4 5 7 ( 3 ) 7 2 7 5 ( 2 ) 4 5 0 4 ( 1 ) 75 (1 ) 0 ( 5 ) 6 9 2 2 ( 1 4 ) 7089(1 1) 5 1 7 2 ( 5 ) 110(4) 
0 ( 6 ) 6 5 9 3 ( 1 6 ) 7 1 4 0 ( 1 4 ) 3 8 7 2 ( 6 ) 174(7) 0 ( 7 ) 8 5 2 9 ( 9 ) 6 6 3 5 ( 7 ) 4 2 7 0 ( 5 ) 6 8 ( 3 ) 
0 ( 8 ) 8 5 7 0 ( 1 1 ) 8 4 0 4 ( 6 ) 4 6 8 5 ( 6 ) 9 3 ( 3 ) 0 ( 5 . ) 8 2 1 2 ( 2 2 ) 6 8 5 4 ( 1 7 ) 3 9 4 9 ( 9 ) 2 5 8 ( 1 2 ) 
0 ( 6 ' ) 6 3 0 0 ( 1 1 ) 6 3 2 0 ( 8 ) 4 7 0 7 ( 6 ) 1 0 3 ( 4 ) 0 ( 7 ' ) 6350(1 1) 7 7 3 6 ( 9 ) 4 2 3 0 ( 6 ) 9 2 ( 3 ) 
0 ( 8 . ) 8 1 4 3 ( 1 5 ) 7 9 6 2 ( 1 0 ) 5 1 7 9 ( 5 ) 1 3 1 ( 5 ) 0 ( 2 W ) 6 5 9 6 ( 8 ) 1858(5) 2 7 3 ( 3 ) 118(2) 
Atoms 0 ( 5 ) - 0 ( 8 ' ) belong to a two-fold disordered perchlorate group and each has a site occupancy of '/2. 
Complex 4 .4 .2 
C u ( l ) 0 0 0 49 (1 ) P(1) - 1 4 2 9 ( 2 ) 2 6 5 8 ( 1 ) 3 3 9 ( 1 ) 4 4 ( 1 ) 
C(1 ) - 2 5 8 ( 2 6 ) 3 2 3 2 ( 1 5 ) 1007(14) 121(12) C(2) 6 3 2 ( 3 4 ) 3 6 5 0 ( 1 9 ) 1 0 9 0 ( 1 8 ) 158 (17 ) 
C(3 ) 1 1 5 5 ( 1 3 ) 3 7 3 3 ( 7 ) 819 (7 ) 108(6) C(4) 1168(23) 3 4 5 9 ( 1 4 ) 2 1 4 ( 1 3 ) 112(11) 
C(5) 3 2 2 ( 2 3 ) 3 1 0 2 ( 1 3 ) 6 4 ( 1 2 ) 106(11) C(6) -391 (8 ) 3 0 6 0 ( 5 ) 5 3 5 ( 5 ) 5 3 ( 3 ) 
C ( r ) - 5 3 6 ( 1 4 ) 3 6 5 4 ( 8 ) 523(8 ) 36 (5 ) C(2.) 2 6 5 ( 1 6 ) 3 9 8 5 ( 9 ) 6 5 7 ( 9 ) 4 6 ( 6 ) 
C(4') 1174 (19 ) 3 2 0 4 ( 1 1 ) 9 8 8 ( 1 0 ) 70 (8 ) C(5') 3 9 4 ( 1 7 ) 2 8 4 1 ( 9 ) 8 4 5 ( 9 ) 5 3 ( 6 ) 
C(7) - 2 1 5 9 ( 1 0 ) 2 2 7 1 ( 5 ) -648 (6 ) 79 (6 ) C(8) - 2 3 7 8 ( 1 2 ) 2 2 7 5 ( 7 ) - 1 2 1 3 ( 8 ) 102(8) 
C(9) - 2 0 5 0 ( 1 1 ) 2 6 9 3 ( 8 ) - 1 5 1 8 ( 6 ) 92 (8 ) C(10) - 1 5 7 4 ( 1 0 ) 3 1 2 4 ( 7 ) - 1 2 7 4 ( 7 ) 9 3 ( 7 ) 
C(11) - 1 3 8 2 ( 1 0 ) 3 1 3 7 ( 6 ) -683 (5 ) 78(6) C(12) - 1 6 7 6 ( 8 ) 2 6 9 9 ( 5 ) - 3 9 0 ( 4 ) 4 7 ( 4 ) 
C ( 1 3 ) - 2 8 6 3 ( 9 ) 3 3 8 7 ( 5 ) 4 8 6 ( 5 ) 61(5) C(14) - 3 5 2 7 ( 1 0 ) 3 6 1 3 ( 5 ) 7 8 8 ( 5 ) 7 8 ( 6 ) 
C(15) - 3 7 3 7 ( 9 ) 3 4 1 7 ( 5 ) 1286(5) 62(5) C(16) - 3 2 8 6 ( 1 0 ) 2 9 6 2 ( 5 ) M 9 1 ( 5 ) 6 8 ( 6 ) 
C ( 1 7 ) - 2 5 9 4 ( 9 ) 2 7 1 7 ( 5 ) 1202(5) 61 (5 ) C(18) - 2 3 7 5 ( 8 ) 2 9 2 8 ( 4 ) 6 9 2 ( 4 ) 4 4 ( 4 ) 
C(19) - 1 2 6 3 ( 8 ) 1957(4) 527(5) 56(5) C(20) -505(8 ) 1660(4) 2 3 5 ( 5 ) 58 (5 ) 
C(21) - 6 9 3 ( 1 0 ) I 0 4 0 ( 5 ) 229(5 ) 50(5) 0 ( 1 ) 34(7) 788 (3 ) 71 (3 ) 7 0 ( 3 ) 
0 ( 2 ) - 1 4 3 0 ( 7 ) 850 (3 ) 356 (4 ) 78 (4 ) P(2) 1429(2) -310 (1 ) - 2 2 6 6 ( 1 ) 4 8 ( 1 ) 
C(22) 2 8 0 8 ( 1 1 ) - 1 0 4 5 ( 6 ) - 2 5 3 9 ( 6 ) 88(7) C(23) 3 5 3 0 ( 1 2 ) - 1 3 9 0 ( 7 ) - 2 4 3 0 ( 8 ) 110(9) 
C(24) 3 8 3 8 ( 1 2 ) - 1 5 1 0 ( 6 ) - 1 9 1 7 ( 1 0 ) 110(9) C(25) 3 4 2 8 ( 1 3 ) - 1 2 7 8 ( 7 ) - 1 4 7 4 ( 7 ) 9 9 ( 8 ) 
C(26) 2 6 8 0 ( 1 2 ) -919 (6 ) - 1 5 7 2 ( 6 ) 88(7) C(27) 2 3 6 7 ( 9 ) -803 (4 ) - 2 1 2 2 ( 5 ) 5 3 ( 5 ) 
C ( 2 8 ) 1397(10) 782 (5 ) -2463(6 ) 76(6) C(29) 1677(12) 1297(6) - 2 4 0 1 ( 7 ) 9 9 ( 8 ) 
C(30) 2 4 5 8 ( 1 3 ) 1425(6) - 2 0 5 4 ( 8 ) 100(8) C(31) 2 9 3 6 ( 1 0 ) 1017(6) - 1 7 6 6 ( 6 ) 89 (7 ) 
C(32) 2 6 4 6 ( 9 ) 4 7 8 ( 5 ) -1832(5 ) 58(5) C(33) 1878(8) 370 (4 ) - 2 1 9 8 ( 5 ) 5 0 ( 5 ) 
C(34) 4 9 ( 1 0 ) -593(5 ) -3070(6 ) 73 (6 ) C(35) -330 (14 ) -645(7 ) - 3 5 9 5 ( 9 ) 124(10) 
C(36) 2 1 6 ( 2 1 ) -469 (8 ) -4028(9 ) 151(15) C(37) 1058(18) -277(8 ) - 3 9 2 0 ( 7 ) 132(12) 
C(38) 1449(11) -219(5 ) -3405(6 ) 82(6) C(39) 931 (9 ) -378(4 ) - 2 9 6 4 ( 5 ) 56 (5 ) 
C(40) 6 1 7 ( 1 0 ) -411(5 ) - 1 7 6 5 ( 5 ) 80(6) C(41) -106 (10 ) -1(6) - 1 7 2 3 ( 6 ) 9 2 ( 7 ) 
C(42) -571 (14 ) 12(6) -1185(6 ) 82(7) 0 ( 3 ) 59(10) 95 (4 ) -785 (4 ) 117(6) 
0(4) - 1 3 6 7 ( 1 0 ) -22(7) -1139(7 ) 185(9) Cii(2) 4072 (1 ) 5025 (1 ) 4 8 8 2 ( 1 ) 3 6 ( 1 ) 
0 ( 1 W ) 2 5 8 9 ( 5 ) 4 9 7 1 ( 3 ) 4 6 8 9 ( 3 ) 65 (3 ) P(3) 6 3 2 8 ( 2 ) 4 8 5 1 ( 1 ) 2 4 7 4 ( 1 ) 4 0 ( 1 ) 
C(43) 5 9 9 5 ( 1 0 ) 5909 (5 ) 2 1 1 0 ( 5 ) 66(5) C(44) 6 2 5 0 ( 1 4 ) 6 4 4 7 ( 7 ) 2 0 6 1 ( 6 ) 110(9) 
C(45) 7 0 5 8 ( 1 5 ) 6 6 3 3 ( 6 ) 2 2 9 0 ( 7 ) 100(9) C(46) 7 6 7 5 ( 1 1 ) 6 2 9 5 ( 7 ) 2 5 7 0 ( 7 ) 9 9 ( 8 ) 
C(47) 7 4 5 4 ( 1 0 ) 5742 (6 ) 2 6 1 9 ( 6 ) 78(6) C(48) 6610 (9 ) 5552 (4 ) 2 3 7 4 ( 4 ) 4 2 ( 4 ) 
C(49) 7 5 4 4 ( 1 0 ) 3 9 8 5 ( 5 ) 2 6 7 2 ( 5 ) 75(6) C(50) 8330 (11 ) 3 6 7 5 ( 5 ) 2 5 6 5 ( 6 ) 89 (7 ) 
C(51) 8 8 4 1 ( 9 ) 3 7 8 9 ( 6 ) 2 1 2 4 ( 7 ) 76(6) C(52) 8607 (10 ) 4 2 3 5 ( 6 ) 1804(5) 7 3 ( 6 ) 
C(53) 7 8 5 4 ( 9 ) 4 5 5 5 ( 5 ) 1907(5) 59(5) C(54) 7 3 2 6 ( 8 ) 4 4 3 8 ( 4 ) 2 3 5 0 ( 4 ) 3 7 ( 4 ) 
C(55) 4 5 4 5 ( 9 ) 4 4 2 3 ( 5 ) 2181 (5 ) 59(5) C(56) 3810 (9 ) 4 2 9 4 ( 5 ) 1799(7) 81 (7 ) 
C(57) 3 8 7 7 ( 1 0 ) 4 4 0 8 ( 5 ) 1248(6) 68 (6 ) C(58) 4 6 6 6 ( 1 0 ) 4 6 5 0 ( 4 ) 1065(5) 58 (5 ) 
C(59) 5 3 9 3 ( 8 ) 4 7 9 2 ( 4 ) 1435(4) 49(5) C(60) 5350(8 ) 4 6 7 9 ( 4 ) 2 0 0 3 ( 4 ) 4 3 ( 4 ) 
C(61) 6 0 6 2 ( 8 ) 4 7 5 3 ( 4 ) 3188 (4 ) 52(4) C(62) 5353(8 ) 5173 (4 ) 3 3 7 4 ( 4 ) 57 (5 ) 
C(63) 5 2 1 5 ( 9 ) 5096 (4 ) 3994 (4 ) 41 (4 ) 0 ( 5 ) 4 3 8 3 ( 5 ) 5094 (3 ) 4 1 1 5 ( 3 ) 4 9 ( 3 ) i 
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Atomic Coordinates (x 10” and equivalent isotropic thermal parameters 
Ueq (A^  X 10 3) (continued) 
0 ( 6 ) 5 9 4 0 ( 5 ) 5 0 5 3 ( 3 ) 4 3 0 8 ( 3 ) 55 (3 ) P(4) 6 3 6 0 ( 3 ) 7 4 7 5 ( 1 ) 5 2 8 3 ( 1 ) 5 1 ( 1 ) 
C ( 6 4 ) 5 8 9 3 ( 6 ) 7 7 9 9 ( 3 ) 4 1 9 8 ( 4 ) 7 4 ( 4 ) C ( 6 5 ) 6 0 0 9 7 7 8 8 3 6 3 3 8 6 ( 4 ) 
C ( 6 6 ) 6 7 1 3 7 4 6 8 3 4 2 9 165(8) C(67) 7 3 0 1 7 1 5 7 3 7 9 0 3 5 3 ( 1 9 ) 
C ( 6 8 ) 7 1 8 5 7 1 6 7 4 3 5 5 2 0 9 ( 1 0 ) C ( 6 9 ) 6 4 8 1 7 4 8 8 4 5 5 9 6 6 ( 4 ) 
C ( 7 0 ) 8 0 2 4 ( 1 0 ) 7 0 2 8 ( 4 ) 5 6 7 3 ( 5 ) 2 1 0 ( 1 0 ) C(71) 8 8 8 5 6 9 9 5 5985 2 0 8 ( 1 0 ) 
C ( 7 2 ) 9 2 1 4 7 4 3 9 6 3 0 0 154(8) C(73) 8 6 8 3 7 9 1 5 6 3 0 2 149(7 ) 
C ( 7 4 ) 7 8 2 2 7 9 4 8 5 9 9 0 159(8) C(75) 7 4 9 2 7 5 0 4 5 6 7 5 7 7 ( 4 ) 
C ( 7 6 ) 5 8 3 4 ( 1 0 ) 8 5 4 2 ( 5 ) 5 3 3 1 ( 5 ) 7 2 ( 6 ) C(77) 5 2 3 8 ( 1 2 ) 8 9 6 8 ( 5 ) 5 4 6 6 ( 5 ) 7 9 ( 7 ) 
C ( 7 8 ) 4 4 3 9 ( 1 1 ) 8 8 6 7 ( 5 ) 5 7 3 4 ( 5 ) 7 4 ( 6 ) C(79) 4 2 3 1 ( 9 ) 8 3 2 5 ( 5 ) 5 8 6 6 ( 4 ) 6 6 ( 5 ) 
C ( 8 0 ) 4 7 9 1 ( 9 ) 7 9 1 3 ( 4 ) 5 7 3 2 ( 4 ) 54(5) C(81) 5 6 0 8 ( 8 ) 8 0 1 3 ( 4 ) 5 4 6 0 ( 4 ) 4 5 ( 4 ) 
C ( 8 2 ) 5 9 1 5 ( 8 ) 6 8 3 2 ( 4 ) 5 4 5 6 ( 4 ) 51(4) C(83) 5 0 1 6 ( 9 ) 6 6 2 7 ( 4 ) 5 1 2 3 ( 5 ) 6 6 ( 5 ) 
C ( 8 4 ) 5 0 0 0 ( 1 1 ) 6 0 1 8 ( 4 ) 5 0 8 6 ( 4 ) 41 (4 ) 0 ( 7 ) 4 1 8 1 ( 6 ) 5 8 1 5 ( 3 ) 4 9 6 1 ( 3 ) 5 2 ( 3 ) 
0 ( 8 ) 5 7 3 5 ( 6 ) 5 7 6 4 ( 3 ) 5 1 6 9 ( 3 ) 54(3) 0 ( 2 W ) 2 5 2 1 ( 9 ) 5 9 5 6 ( 4 ) 5 8 3 7 ( 4 ) 132(6 ) 
0 ( 3 W ) 2 3 8 4 ( 1 9 ) 8 6 5 ( 1 1 ) 7 4 1 ( 1 1 ) 167(10) 0 ( 3 W ' ) 1929(12) 9 4 0 ( 7 ) 177(7) 8 1 ( 5 ) 
C1(1) 2 5 4 2 ( 3 ) 117(2) 4 7 1 8 ( 2 ) 77 (2 ) 0 ( 9 ) 1835(9) -239 (5 ) 4 6 6 0 ( 5 ) 154(7) 
0 ( 1 0 ) 2 6 1 0 ( 9 ) 3 7 3 ( 6 ) 4 1 7 7 ( 4 ) 148(6) 0 ( 1 1 ) 3 4 1 3 ( 9 ) - 1 1 0 ( 4 ) 4 8 4 7 ( 5 ) 144(6) 
0 ( 1 2 ) 2 3 9 2 ( 9 ) 5 3 5 ( 4 ) 5 0 7 2 ( 4 ) 139(6) Cl(2) 5 1 4 9 ( 3 ) 1993(1) 7 9 7 8 ( 1 ) 6 0 ( 1 ) 
0 ( 1 3 ) 4 2 7 8 ( 8 ) 2 2 0 8 ( 5 ) 8 0 6 9 ( 6 ) 153(7) 0 ( 1 4 ) 5 0 8 9 ( 1 2 ) 1692(5) 7 5 1 4 ( 4 ) 191(9 ) 
0 ( 1 5 ) 5 7 6 9 ( 8 ) 2 4 2 3 ( 4 ) 7 9 3 3 ( 4 ) 125(5) 0 ( 1 6 ) 5 4 0 1 ( 8 ) 1658(4) 8 4 2 2 ( 4 ) 110(5) 
Cl (3) 9 8 7 8 ( 3 ) 2 0 8 0 ( 2 ) 2 1 4 5 ( 2 ) 80(2) 0 ( I 7 ) 1 0 6 3 1 ( 1 2 ) 2 4 1 9 ( 5 ) 2 2 7 4 ( 5 ) 189(8) 
0 ( 1 8 ) 9 1 3 7 ( 1 1 ) 2 3 8 0 ( 7 ) 2 0 1 6 ( 7 ) 2 3 5 ( 1 0 ) 0 ( 1 9 ) 9 8 6 7 ( 9 ) 1 7 2 0 ( 5 ) 2 5 8 2 ( 5 ) 1 4 3 ( 6 ) 
0 ( 2 0 ) 1 0 1 1 0 ( 9 ) 1755(4) 1686(5) 142(6) 
Atoms C ( l ) - C ( 5 ' ) represents a two-fold disordered phenyl group and each has a site occupancy of '/2. 
Atoms 0 ( 3 W ) a 0 ( 3 W ' ) belong to a two-lbld disordered water molecule and each has a site occupancy 0P/2. 
Complex 4 .4 .3 
C u ( l ) - 6 0 5 ( 1 ) 1852(1) 9 3 7 ( 1 ) 4 1 ( 1 ) 0 ( 1 W ) -339 (2 ) 4 7 5 ( 3 ) 1507(3) 5 1 ( 1 ) 
0 ( 2 W ) - 1 3 8 0 ( 2 ) 1147(3) -503 (3 ) 58(1) P(1) 3 1 8 6 ( 1 ) 1749(1) 1779(1) 3 9 ( 1 ) 
C(1) 2 5 3 3 ( 5 ) 3 5 9 2 ( 5 ) 1812(5) 71 (2 ) C(2) 2 5 8 4 ( 7 ) 4 6 2 0 ( 7 ) 1876(6) 108(3) 
C(3) 3 2 3 2 ( 9 ) 5 1 2 1 ( 7 ) 1838(6) 122(4) C(4) 3 8 5 9 ( 7 ) 4 6 0 6 ( 6 ) 1725(6) 103(3) 
C(5 ) 3 8 2 0 ( 4 ) 3 5 8 8 ( 5 ) 1655(4) 6 5 ( 2 ) C(6) 3 1 5 2 ( 3 ) 3 0 7 6 ( 4 ) 1696(4) 4 9 ( 1 ) 
C(7) 4 7 1 0 ( 4 ) 1789(5) 3 3 6 3 ( 5 ) 6 9 ( 2 ) C(8) 5 2 1 0 ( 5 ) 1690(6) 4 3 1 4 ( 6 ) 9 0 ( 3 ) 
C(9) 4 8 7 4 ( 7 ) 1281(7) 4 8 8 1 ( 6 ) 9 8 ( 3 ) C(10) 4 0 7 5 ( 6 ) 9 5 7 ( 6 ) 4 5 0 5 ( 5 ) 9 3 ( 3 ) 
C ( l l ) 3 5 5 3 ( 4 ) 1042(5) 3 5 5 4 ( 4 ) 65 (2 ) C(12) 3 8 7 3 ( 3 ) 1461(4) 2 9 8 0 ( 4 ) 4 5 ( 1 ) 
C ( 1 3 ) 3 3 9 2 ( 4 ) 1647(5) 153(4) 56(2) C(14) 3 5 9 9 ( 4 ) 1152(6) - 4 7 8 ( 5 ) 7 4 ( 2 ) 
C(15) 3 9 7 7 ( 4 ) 2 3 5 ( 7 ) -256 (6 ) 78(2) C(16) 4 1 6 2 ( 4 ) - 1 9 3 ( 6 ) 591 (6 ) 7 5 ( 2 ) 
C(17) 3 9 6 6 ( 4 ) 2 8 8 ( 4 ) 1238(4) 55(2) C(18) 3 5 7 2 ( 3 ) 1218(4) 1012(4) 4 3 ( 1 ) 
C(19) 2 1 4 6 ( 3 ) 1268(4) 1453(4) 45 (1 ) C(20) 1542(3) 1440(4) 4 0 7 ( 3 ) 4 4 ( 1 ) 
C(21) 6 2 6 ( 3 ) 1402(4) 210 (4 ) 39(1) 0 ( 1 ) 443 (2 ) 1826(3) 8 0 4 ( 3 ) 50 (1 ) 
0(2) 111(2) 9 9 7 ( 3 ) -525(3) 53(1) C(22) -802(6) 3 5 7 7 ( 6 ) -270(6 ) 9 8 ( 3 ) 
C(23) 3 2 ( 5 ) 3 8 6 6 ( 5 ) 1383(6) 87(2) N(1) -717(3) 3 3 3 6 ( 4 ) 6 8 0 ( 4 ) 5 7 ( 1 ) 
C(24) - 1 4 9 2 ( 5 ) 3 6 3 9 ( 6 ) 721(8 ) 111(3) C(25) -1760(7 ) 3 0 7 9 ( 7 ) 1208(10) 153(5) 
N ( 2 ) - 1 5 4 3 ( 3 ) 2 0 2 7 ( 4 ) 1335(3) 56(1) C(26) -2278(4 ) 1419(8) 762 (6 ) 113(3) 
C(27) - 1 2 8 0 ( 5 ) 1797(7) 2 3 2 5 ( 5 ) 96(3) B(1) 1316(4) 1514(5) 3 5 0 5 ( 5 ) 7 6 ( 2 ) 
F(1) 6 3 5 ( 6 ) 2 1 1 2 ( 7 ) 2 9 0 4 ( 7 ) 105(3) F(2) 1110(10) � 3 3 2 ( 9 ) 4 2 1 7 ( 8 ) 127(4) 
F(3) 2 0 0 8 ( 6 ) 2 0 3 8 ( 1 1 ) 3 7 2 7 ( 1 2 ) 153(5) F(4) 1301(12) 690 (9 ) 2 9 9 6 ( 1 1 ) 6 7 ( 6 ) 
F ( r ) 1978(7) 1317(8) 4 3 8 9 ( 5 ) 114(4) F(2') 640(7 ) 1709(15) 3 6 2 1 ( 1 3 ) 179(7) 
F(3') 1647(8) 2 2 7 0 ( 9 ) 3 2 0 2 ( 7 ) 115(4) F(4') 1190(13) 6 9 1 ( 1 1 ) 2 9 5 6 ( 1 3 ) 111(10) 
B(2 ) 3 3 9 7 ( 4 ) - 1 9 8 8 ( 5 ) 2 4 4 0 ( 4 ) 66(2) F(5) 2745 (6 ) - 2 4 0 4 ( 1 1 ) 1709(9) 133(6) 
F(6) 3 1 6 2 ( 9 ) - 1 0 8 2 ( 9 ) 2 6 1 6 ( 1 4 ) 157(7) F(7) 3 5 9 6 ( 1 3 ) - 2 5 5 5 ( 1 5 ) 3 2 1 5 ( 1 0 ) 2 1 1 ( 1 4 ) 
F(8) 4 1 0 5 ( 7 ) - 1 8 9 9 ( 1 4 ) 2 3 4 5 ( 1 1 ) 139(5) F(5.) 4 1 6 0 ( 6 ) - 1 5 4 0 ( 1 3 ) 2 7 6 0 ( 8 ) 111(5) 
F(6.) 3 2 3 6 ( 9 ) - 2 3 8 7 ( 1 2 ) 1586(7) 137(5) F(7.) 3 3 7 7 ( 1 0 ) . 2 6 7 5 ( 9 ) 3 0 3 7 ( 1 0 ) 100(5) 
F(8') 2 8 1 2 ( 7 ) - 1 2 5 5 ( 1 0 ) 2 2 5 6 ( 1 2 ) 130(5) 
Atoms F( l ) -F(4' ) belong to a two-fold disordered BF<i' anion and each has a site occupancy of '/2. 
Atoms F(5)-F(8') belong to a two-fold disordered BF^' anion and each has a site occupancy of '/2. 
Complex 4 ,4 .4 
A g ( l ) 6 5 3 4 ( 1 ) 3 4 1 5 ( 1 ) 3 0 5 6 ( 1 ) 73(1) Ag(2) 4 5 3 8 ( 1 ) 4 8 0 7 ( 1 ) 4 0 2 3 ( 1 ) 7 2 ( 1 ) 
P(1) 5690(2 ) 6 8 4 2 ( 1 ) 869(1) 43(1) C(1) 3475 (7 ) 8812 (5 ) 6 6 7 ( 4 ) 74 (2 ) 
C(2) 2 8 2 5 ( 1 0 ) 9 9 3 3 ( 7 ) 681(5 ) 102(3) C(3) 3 4 9 8 ( 1 4 ) 10546(7) 899 (5 ) 114(4) 
！ C(4) 4 8 4 0 ( 1 2 ) 10080(7) 1084(5) 98 (3 ) C(5) 5490(8 ) 8948 (5 ) 1069(4) 7 0 ( 2 ) 
C(6) 4 8 0 1 ( 7 ) 8313 (5 ) 866(3) 57(2) C(7) 6354 (7 ) 6 5 7 7 ( 5 ) -775 (4 ) 6 0 ( 2 ) 
C(8) 7 2 0 5 ( 8 ) 6 4 6 9 ( 5 ) -1443(4 ) 65(2) C(9) 8455(8 ) 6 4 0 7 ( 5 ) - 1 3 5 9 ( 4 ) 6 4 ( 2 ) 
C(10) 8913 (7 ) 6 4 2 1 ( 6 ) -590(4) 74(2) C(11) 8080(7) 6512 (5 ) 89(4) 6 3 ( 2 ) 
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Atomic Coordinates (x 10, and equivalent isotropic thermal parameters 
Ueq (A^ X 10 3) {coritinned) 
C ( l 2 ) 6805(6) 6604(4) 5(3) 44(2) C(13) 7567(6) 5265(5) 1917(3) 52(2) 
C(14) 8197(7) 4814(5) 2676(4) 62(2) C(15) 7797(7) 5400(6) 3350(4) 67(2) 
C(16) 6784(8) 6419(6) 3281(4) 73(2) C(17) 6164(7) 6881(5) 2524(3) 61(2) 
C(18) 6570(6) 6305(4) 1835(3) 42(1) C(19) 4607(6) 6128(5) 726(3) 55(2) 
C(20) 3635(6) 6144(6) 1407(4) 61(2) C p i ) 4219(6) 5399(5) 2202(4) 51(2) 
0 ( 1 ) 5099(4) 4456(4) 2110(2) 63(1) 0 ( 2 ) 3780(5) 5778(4) 2847(2) 76(1) 
P(2) 10168(1) 1087(1) 6447(1) 39(1) C(22) 7945(7) 677(6) 6981(4) 73(2) 
C(23) 7184(9) 41(7) 7083(5) 89(2) C(24) 7712(9) -1041(7) 6907(4) 76(2) 
C(25) 8978(8) -1497(5) 6650(4) 58(2) C(26) 9744(6) -872(4) 6533(3) 45(1) 
C(27) 9231(6) 230(4) 6679(3) 46(1) C(28) 9943(7) 2945(6) 7181(4) 67(2) 
C(29) 9776(9) 3535(8) 7849(7) 102(3) C(30) 9724(9) 3053(12) 8620(7) 115(4) 
C(31) 9838(8) 1977(10) 8766(4) 94(3) C(32) 9972(7) 1362(6) 8102(4) 71(2) 
C(33) 10021(6) 1849(5) 7309(3) 48(1) C(34) 12395(7) 142(6) 5495(4) 76(2) 
C(35) 13672(8) -579(8) 5376(6) 105(3) C(36) 14442(8) -1213(7) 6037(6) 96(3) 
C(37) 13913(7) -1153(6) 6805(5) 82(2) C(38) 12633(6) -449(5) 6944(4) 60(2) 
C(39) 11861(6) 206(5) 6283(3) 48(1) C(40) 9512(6) 2002(5) 5525(3) 56(2) 
C(41) 8087(7) 2787(6) 5604(4) 98(3) C(42) 7255(6) 3179(4) 4840(3) 45(1) 
0 ( 3 ) 7746(4) 2784(3) 4188(2) 55(1) 0 ( 4 ) 6122(4) 3864(3) 4930(2) 65(1) 
C1(1) 1984(2) 3776(1) 4226(1) 68(1) 0 ( 5 ) 2288(20) 4554(14) 4555(6) 110(6) 
0 ( 6 ) 2882(18) 3422(12) 3557(8) 119(6) 0 ( 7 ) 2302(16) 2810(11) 4787(8) 116(6) 
0 ( 8 ) 7 4 1 ( 1 2 ) 4 1 2 2 ( 1 5 ) 3 9 5 0 ( 1 4 ) 193(10) 0(3") 3 1 5 1 ( 2 5 ) 3 7 2 2 ( 3 6 ) 4 5 5 3 ( 1 5 ) 1 5 5 ( 1 3 ) 
0(6.) 2050(40) 3578(29) 3430(1 1) 151(19) 0(7.) 1078(35) 4919(17) 4246(22) 212(21) 
0 (8 ' ) 1379(35) 3177(28) 4747(16) 168(19) Cl(2) 8169(2) 2274(1) 1 134(1) 57(1) 
0 ( 9 ) 9 2 5 6 ( 6 ) 1 4 0 0 ( 5 ) 8 8 7 ( 4 ) 1 2 7 ( 2 ) 0 ( 1 0 ) 7 0 2 5 ( 7 ) 2 0 0 2 ( 6 ) 1 1 5 1 ( 4 ) 1 2 3 ( 2 ) 
0 ( 1 1 ) 8391(5) 2493(4) 1934(3) 95(2) 0 ( 1 2 ) 7917(5) 3240(4) 552(3) 87(2) 
Atoms 0 ( 5 ) - 0 ( 8 ' ) belong io a two-lbld disordcreci pcivhlorale group. Atoms 0 ( 5 ) - 0 ( 8 ) each has a sile occupancy o f 0 . 6 4 , and atoms 
0 ( 5 ' ) - 0 ( 8 ' ) eacli has a site occupancy o f 0 . 3 6 . 
*Ueq defined as one third o f lhe trace of the orthogonalized U,j tensor. 
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